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ABSTRACT
THE OXYTRICHINA JANKOWSKI, 1980:
MORPHOLOGY, MORPHOGENESIS, AND SYSTEMATICS
by
Donald E. C u lberson  
U n iv e r s i t y  o f  New Hampshire, May, 1985
The h y p o t r i c h  s u b o rd e r  O x y tr ic h in a  Jankow ski,  1980 i s  a p o o r ly  
c h a r a c t e r i s e d ,  s y s t e m a t i c a l l y  am biguous taxon. A la c k  o f  
u l t r a s t r u c t u r a l  and d e v e lo p m e n ta l  i n f o r m a t io n  on a v a r i e t y  of 
o x y t r i c h in e  s p e c i e s  r e s u l t e d  i n  th e  e s t a b l i s h m e n t  o f  m u l t i p l e  and 
d i s p a r a t e  s y s t e m a t i c  c a t e g o r i z a t i o n s  f o r  th e s e  s p e c ie s .  I  chose 8 
s p e c ie s  f o r  m orp h o lo g ic  and d e v e lo p m e n ta l  s t u d i e s :  O x v tr ich a  f a l l a x ,
O x v tr ic h a  q u a d r in u c le a t a ,  O x v tr ic h a  s i m i l i s ,  S ty lo n v c h ia  p u s tu l a t a .  
Tachvsoma s p , . Gonostomum a f f i n e ,  P l e u r o t r i c h a  l a n c e o l a t a .  and 
P a r a u r o s tv la  so. I  used l i g h t  m ic ro sco p y  and SEM f o r  th e  s tu d y  o f  
t r o p h o z o i t e s  and d i v i d in g  c e l l s ,  and TEM and SEM i n  my i n v e s t i g a t i o n s  
o f  c y s t s .  The m a jo r  u n i f y i n g  d e v e lo p m e n ta l  c h a r a c t e r i s t i c  o f  the  
s u b o rd e r  i s  th e  p ro d u c t io n  o f  l o n g i t u d i n a l  F-V-T s t r e a k s  d u r in g  
d i v i s i o n  and r e o r g a n i z a t i o n .  E n c y s t in g  o rgan ism s  r e s o r b  a l l  
k in e to so m es  and produce d e s i c c a t i o n  r e s i s t a n t  c y s t s  w ith  4 o r  5 l a y e r e d  
w a l l s .  I n t e r s p e c i f i c  m o rp h o lo g ic  and d e v e lo p m en ta l  d i f f e r e n c e s  
in c lu d in g  p re s e n c e  o r  absence  o f  m u l t i p l e  r i g h t  m a r ig n a l  c i r r a l  rows 
and v e n t r a l  l o n g i t u d i n a l  row s s u g g e s t  r e c o g n i t i o n  o f  a t  l e a s t  3 
o x y t r i c h in e  f a m i l i e s :  O x y t r ic h id a e ,  A m p h is ie l l id a e ,  and Gonostomidae 
(n.fam.). I  c o n s id e r  th e  f a m i ly  A m p h is ie l l id a e  a n c e s t r a l  to  th e  o t h e r
x
2 f a m i l i e s .  I t  i s  c l e a r  from p re v io u s ly  p u b l i sh e d  in f o r m a t io n  t h a t  th e  
f a m i l i e s  K eronidae and K a h l i e l l i d a e  s h a re  a common a n c e s t r y  w i th  the  
a fo rem en tio n ed  3 f a m i l i e s  and may be c o n - s u b o rd in a l .  A t r a d i t i o n a l  
view o f  i n t e r f a m i l i a l  e v o lu t io n a r y  r e l a t i o n s h i p s  ho ld s  t h a t  the  
k a h l i e l l i d s ,  w i th  m u l t i p l e  l o n g i t u d i n a l  row s o f  c i r r i ,  a r e  p r i m i t i v e  and 
p e rhaps  a n c e s t r a l  to  th e  r e s t  o f  the  su b o rd e r .  I  p ropose  an 
a l t e r n a t i v e  e v o lu t io n a r y  s c e n a r io  based upon a n ove l co n ce p t  o f  s o m a t ic  
o r i g i n  o f  th e  f r o n t a l  c i l i a t u r e .  An a n c e s t r a l  h y p o t r i c h  s i m i l a r  to  
E p i c l i n t e s  w i th  e x t e n s iv e  v e n t r a l  s o m a t ic  c i l i a t u r e  and v a n i s h in g ly  
s c a n t  f r o n t a l  c i l i a t u r e  may have g iv e n  r i s e  to  f a m i l i e s  w i th  f r o n t a l  
c i l i a t u r e  i n c r e a s i n g  a t  th e  expense o f  s o m a t ic  c i l i a t u r e .  In  t h i s  
second s c e n a r io ,  r e c o g n i t i o n  o f  the  f r o n t a l ,  and t h e r e f o r e  r e l a t i v e l y  
n o n - p r im i t i v e  o r i g i n  o f  t h e  v e n t r a l  l o n g i t u d i n a l  row s o f  c i r r i  
n e c e s s i t a t e s  d i s q u a l i f i c a t i o n  o f  the  k a h l i e l l i d s  as  a n c e s t r a l  t o  th e  
a m p h i s i e l l i d s ,  o x y t r i c h i d s ,  and gonos tom ids.
xi
INTRODUCTION
The p ro to z o a  a r e  w id e ly  r e c o g n iz e d  as  a lo o s e  assem blage  o f  
s i n g l e - c e l l e d  e u k a r y o t i c  o rg an ism s  (Levine e t  a l . ,  1980). Use o f  th e  
taxon  "Phylum P ro to zo a"  h as  d im in is h e d  because  o f  the  a p p a re n t ly  
d iv e r s e ,  p o l y p h y l e t i c  o r i g i n  o f  t h i s  group o f  o v e r  65,000 known 
s p e c ie s .  The Com m ittee  on S y s te m a t ic s  and E v o lu t io n  o f  the  S o c ie ty  o f  
P r o to z o o l o g i s t s  (L ev ine  .et. a l . ,  1980) d ec id ed  t h a t  th e  p ro to zo a  
r e p r e s e n t  7 o f  th e  p h y la  o f  th e  kingdom P r o t i s t a :  th e  S arco -
m a s t ig o p h o ra ,  L aby rin thom orpha ,  Apicomplexa, M icrospo ra ,  A cetospora ,  
Myxozoa, and C i l io p h o ra .
Each o f  th e  a fo re m e n t io n e d  ph y la  has undergone r e p e a te d  taxonom ic 
r e v i s i o n  r e s u l t i n g  i n  th e  modern c l a s s i f i c a t i o n  scheme. The 
C i l io p h o r a  a r e  no e x c e p t io n .  The h i s t o r y  o f  c i l i o p h o r a n  taxonomy i s  
beyond th e  scope  o f  t h i s  d i s s e r t a t i o n ,  bu t  was re v ie w e d  by C o r l i s s  
(1979). Of more im m e d ia te  i n t e r e s t  i s  ou r p r e s e n t  u n d e rs ta n d in g  o f  
c i l i o p h o r a n  s y s t e m a t i c  i n t e r r e l a t i o n s h i p s  and, p a r t i c u l a r l y ,  r e s u l t i n g  
e f f e c t s  o f  f u r t h e r  c o n t r i b u t i o n s  to  c i l i o p h o r a n  b io logy .
C i l i a t e s  a r e  c u r r e n t l y  c a t e g o r iz e d  i n t o  3 c l a s s e s :  
K in e to fra g m in o p h o re a ,  O ligohym enophorea, and Polyhymenophorea.
The l a t t e r  c l a s s  i s  g e n e r a l l y  a c c e p te d  as  the  m ost r e c e n t  o r  h ig h ly  
evolved  o f  th e  3 and i s  composed o f  ^ o rd e r s :  H e te r o t r i c h i d a ,
O don tos tom a tida ,  O l i g o t r i c h i d a ,  and H y p o tr ic h id a .  The H y p o tr ic h id a ,  i n  
tu rn ,  a r e  c o n s id e re d  th e  m ost advanced o f  Polyhymenophorean c i l i a t e s .  
Table 1, an a b r id g e d  v e r s io n  o f  P r o t i s t a n  c l a s s i f i c a t i o n  d e r iv e d  from
1
2Levine et. a l .  (1980) and C o r l i s s  (1979). i l l u s t r a t e s  th e  taxonom ic 
p o s i t i o n  o f  o rg an ism s  c o n s id e re d  in  t h i s  d i s s e r t a t io n . .
The h y p o t r i c h s  were l i k e w i s e  s u b je c te d  to  i n t e n s e  s c r u t i n y  w ith  
v a r i a b l e  r e s u l t s .  A re v ie w  of th e  wide a r r a y  o f  d a ta  o b ta in e d  th e re b y  
may se rv e  as an i n t r o d u c t i o n  to  the o rd e r  H y p o tr ic h id a  i n  g e n e r a l  and 
p ro v id e  a c o n c e p tu a l  f ram ew ork  f o r  the  p r e s e n t a t i o n  and i n t e r p r e t a t i o n  
o f  my own r e s e a r c h  i n  p a r t i c u l a r .  S p e c i f i c a l l y ,  t h i s  rev iew  w i l l  
in c lu d e  a b r i e f  d e s c r i p t i o n  o f  c u r r e n t  h y p o t r i c h  taxonomy and 
c o n s id e r a t io n  o f  the  s t a t e  o f  knowledge o f  p e r t i n e n t  morphology, 
m orphogenesis, and c y s t i c  phenomena.
R ecen tly  t h e r e  has been  an e x p lo s io n  i n  bo th  our u n d e r s ta n d in g  of 
h y p o t r ic h  b io lo g y  and a l s o  c o n co m ita n t  a t t e m p t s  to  r e f l e c t  t h i s  
knowledge i n  u pda ted  c l a s s i f i c a t i o n  schemes. I d e a l l y ,  such s y s t e m a t i c  
h i e r a r c h i e s  sh o u ld  r e f l e c t  the  b i o l o g i c a l  i n t e r r e l a t i o n s h i p s  o f  t h e i r  
c o n s t i t u e n t  s p e c ie s  and change, t h e r e f o r e ,  i n  c o n ju n c t io n  w i th  changing 
u n d e rs ta n d in g  o f  th o se  i n t e r r e l a t i o n s h i p s .
For a p p ro x im a te ly  200 y e a r s  h y p o t r i c h  taxonomy was r e l a t i v e l y  
s t a t i c  w i th  about 3 f a m i l i e s  (e x c lu d in g  some now p la ced  in  o th e r  
groups) t y p i c a l l y  b e in g  r e c o g n iz e d .  These 3 f a m i l i e s  were th e  
O x y tr ich id ae ,  E u p lo t id a e ,  and A s p id is c id a e ,  a l l  o f  w hich w ere d e s c r ib e d  
by Ehrenberg  (1838). The f i r s t  o f  th e se ,  O x y tr ic h id a e ,  was e s s e n t i a l l y  
a c a tc h  a l l  f o r  fo rm s  no t  r e a d i l y  f i t t i n g  in t o  the  o t h e r  two, more 
r e s t r i c t e d  f a m i l i e s .  B o r ro r  (1972) and C o r l i s s  (1979) p ro v id e  more 
d e t a i l e d  re v ie w s  o f  e a r l y  h y p o t r i c h  taxonomy.
The s i z e  and re m a rk a b le  d i v e r s i t y  o f  th e  f a m i ly  O x y tr ic h id a e  le d  
F a u re -F re m ie t  (1961) to  a t t e m p t  the  c o n s t r u c t io n  o f  a more modern 
system  of  h y p o t r i c h  c l a s s i f i c a t i o n  which r e f l e c t e d  the  c u r r e n t
3u n d e rs ta n d in g  o f  h y p o t r i c h  b io logy . His d i v i s i o n  o f  the  o rd e r  i n t o  2 
su b o rd e rs ,  th e  S t i c h o t r i c h i n a  (4 f a m i l i e s )  and the  S p o r a d o t r i c h in a  (4 
f a m i l i e s )  was based  l a r g e l y  upon i n t e r p h a s e  morphology but accoun ted  
f o r  and d e a l t  w i th  th e  d i s p a r i t y  of fo rm s observed  i n  th e  o ld  f a m i ly  
O x y tr ich id ae .  B r i e f l y ,  the  S t i c h o t r i c h i n a  c o n s i s t e d  o f  th o se  fo rm s 
( a l l  of which w ere  p r e v io u s ly  in c lu d e d  i n  th e  O x y tr ic h in a )  which 
e x h ib i t e d  v e n t r a l  l o n g i t u d i n a l  rows o f  r e l a t i v e l y  u n ifo rm , 
u n d i f f e r e n t i a t e d  c i r r i .  The S p o r a d o t r i c h in a  c o n ta in e d  h y p o t r i c h s  
w i th o u t  such c i r r a l  row s and whose v e n t r a l  c i l i a t u r e  developed  from a 
s e r i e s  of abou t 6 k in e to s o m a l  s t r e a k s  d u r in g  c e l l  d i v i s i o n .  In  
a d d i t i o n  to  th e  E u p lo t id a e ,  A s p id is c id a e ,  and G a s t r o c i r r h i d a e  ( c lo s e l y  
r e l a t e d  to  th e  E u p lo t id s  and A s p id i s c id s ) ,  th e  S p o r a d o t r i c h in a  
c o n ta in e d  th e  f a m i ly  O x y tr ic h id a e  reduced  by the  numerous fo rm s  removed 
to  th e  S t i c h o t r i c h i n a .
F au rfe -F rem ie t 's  (1961) c l a s s i f i c a t i o n  has s in c e  been m o d if ie d  by 
v a r io u s  a u th o r s  (T ab le  2). B o rro r  (1972) c h a l le n g e d  th e  o r i g i n a l  
b i s u b o r d in a l  d i v i s i o n  on th e  b a s i s  of d i v e r s i t y  w i t h i n  each su b o rd e r  
and o c c u r re n c e  o f  c h a r a c t e r s  common t o  both . C o r l i s s  (1979) acc e p te d  
th e  b i - s u b o r d in a l  c l a s s i f i c a t i o n  bu t su g g e s te d  t h a t  th e  e r e c t i o n  o f  a 
t h i r d ,  i n t e r m e d i a t e  s u b o rd e r  composed m o s t ly  o f  o x y t r i c h id  g e n e ra  m ig h t 
a l l e v i a t e  some o f  th e  p rob lem s re c o g n iz e d  by B o rro r  (1972). B o rro r  and 
Evans (1979) c a r r i e d  th e s e  c o n s id e r a t io n s  to  a s i m i l a r  c o n c lu s io n  by 
s u g g e s t in g  th e  u t i l i t y  o f  s u b d iv i s io n  to  " s e v e ra l"  s u b o rd e r s  in c lu d in g  
s e p a r a t io n  o f  th e  O x y tr ic h id a e  and E u p lo t id a e .  The two l a t t e r  
p ro p o s a ls  f o r  f u r t h e r  s p l i t t i n g  of th e  o rd e r  w ere  based upon th e  
a ssu m p tio n  t h a t  c o n s id e r a b le  new c o m p ara t iv e  in f o r m a t io n  ( p a r t i c u l a r l y  
o f  a m orph o g en e tic  n a tu re )  would be r e q u i r e d  to  s u p p o r t  such a move
4s in c e  t r a d i t i o n a l  r e l i a n c e  on i n t e r p h a s e  morphology proved a t  l e a s t  
p a r t i a l l y  m is le a d in g .  H i l l  (1980a) p ro v id ed  some o f  t h i s  in f o r m a t io n  
and su p p o r te d  s u b o r d in a l  r e c o g n i t i o n  o f  the  more "advanced" 
s p o r a d o t r i c h in e  h y p o t r i c h s ,  th e  f a m i ly  E u p lo t id a e  and r e l a t e d  f a m i l i e s .  
Jankow sk i (1980) d iv id e d  the  o rd e r  i n t o  6 s u b o rd e r s :  the  U ro s ty l in a ,  
H o lo s t ic h in a ,  O x y tr ic h in a ,  E u p lo t in a ,  G a s t r o c i r r h i n a ,  and A s p id is c in a .  
His r e v i s i o n ,  w hich encompassed m ajo r changes a t  a l l  taxonom ic l e v e l s ,  
was n o t  s u p p o r te d  by any new ev idence .  Indeed, many o f  th e  changes 
Jankow sk i p roposed  w ere c o n t ra r y  to  a l r e a d y  p u b l i s h e d  in fo rm a t io n .  
Wicklow (1981) and B o rro r  and Wicklow (1982, 1983) d e m o n s t ra te d  th e  
l o g i c a l  s u b o rd in a l  i n s e p a r a b i l i t y  o f  s e v e r a l  f a m i l i e s  i n  Jankow sk i’s 
s u b o rd e r s  U r o s t y l in a  ( U ro s ty l id a e ,  K eronopsidae) and H o lo s t ic h in a  
( H o lo s t ic h id a e ,  B a k u e l l id a e ,  P s e u d o u ro s ty l id a e )  and s u g g es ted  i n c l u s i o n  
o f  th e s e  f a m i l i e s  i n  a s i n g l e  su b o rd e r ,  th e  U r o s ty l in a ,  on the  b a s i s  o f  
new as  w e l l  a s  a l r e a d y  p u b l ish e d  o n to g e n e t ic  in f o r m a t io n .  Wicklow 
(1981) a l s o  p o in te d  to  th e  p o ly p h y l e t i c  o r i g i n  o f  many o f  th e  o th e r  
f a m i l i e s  t h a t  Jankow ski a s s ig n e d  to  th e  U r o s t y l in a  ( P s i l o t r i c h i d a e ,  
K i i t r i c h i d a e ,  S t r o n g y l i i d a e ,  A t r a c t id a e ,  S p i r o f i l o p s i d a e ,  
H y p o t r i c h id i id a e ,  S p i r e t e l l i d a e ,  and C h a e to s p i r id a e ) .  These l a t t e r  
f a m i l i e s  may d e se rv e  a d d i t i o n a l  c o m p a ra t iv e  i n f o r m a t io n  to  c o n f id e n t ly  
p la c e  them i n  o th e r  s u b o rd e r s .
Morphology, developm ent, and phylogeny i n  3 o f  Jan k o w sk i 's  o t h e r  4 
su b o rd e rs ,  the  E u p lo t in a ,  G a s t r o c i r r h i n a ,  and A s p id is c in a ,  were 
d is c u s s e d  a t  le n g th  by H i l l  (1980a), whose o p in io n  was t h a t  th e  3 
g roups were somewhat d i s t i n c t  from one an o th e r ,  bu t t h i s  d i s t i n c t i o n  
d id  n o t  d e se rv e  e l e v a t i o n  to  s u b o rd in a l  s t a t u s .  In  the  absence  o f  
c o n t r a d i c t o r y  in f o r m a t io n ,  i t  i s  r e a s o n a b le  to  a c c e p t  H i l l ' s
5c l a s s i f i c a t i o n  s in c e  i t  was based on an i n  d ep th  m o rp h o lo g ic a l  and 
o n to g e n e t i c  s tu d y  o f  th e  group.
The p r im ary  s u b j e c t  o f  t h i s  d i s s e r t a t i o n  i s  an e v a l u a t i o n  o f  
r e l a t i o n s h i p s  w i th i n  the  re m a in in g  Jankow sk ian  su b o rd e r ,  the  
O x y tr ic h in a .  R ev is io n s  (B o rro r ,  1972; T u ffrau ,  1979; Jankow ski,  1967, 
1978, 1979, 1980) and su g g e s te d  r e v i s i o n s  (B o rro r  and Evans, 1979; 
C o r l i s s ,  1979) a r e  a t  odds w i th  one a n o th e r ,  d e m o n s t r a t in g  the  need f o r  
new c o m p a ra t iv e  in f o r m a t io n  on members o f  t h i s  su b o rd e r .
Hemberger (1982) s u p p l ie d  m orphogene tic  in f o r m a t io n  on a number o f  
s p e c ie s  i n  the  O x y tr ic h in a  and e r e c t e d  a new fa m i ly ,  the  
A m p h is ie l l id a e .  H is e f f o r t s  r e s u l t e d  in  an im p o r t a n t  advance i n  ou r 
u n d e r s ta n d in g  o f  th e  O x y tr ic h in a  even though they  w ere  l i m i t e d  a lm o s t  
e n t i r e l y  to  s o i l  d w e l l in g  fo rm s  and th u s  tended  to  o v e r lo o k  
e v o l u t io n a r y  l i n e s  i n t o  o th e r  h a b i t a t s .  In  a d d i t i o n ,  r e c e n t l y  
p u b l i s h e d  i n f o r m a t io n  on v a r io u s  g e n e ra  p r e v io u s ly  p la c e d  i n  the  
S t i c h o t r i c h i n a  r e v e a l s  s i m i l a r i t y  to  o th e r  n o n - S t i c h o t r i c h i n e  groups, 
p a r t i c u l a r l y  th e  O x y tr ic h in a  (C u lberson , 1982; M a r t in  .e t  a l . ,  1981; 
F le u ry  and F y rd -V e rsa v e l ,  1982; Hemberger and W i lb e r t ,  1982).
On th e  b a s i s  o f  in t e r p h a s e  c e l l  morphology, th e  " t r a d i t i o n a l "  
c r i t e r i o n  f o r  membership i n  a taxon  o f  h y p o t r i c h s ,  a t  l e a s t  3 m ajor 
g roups  may e x i s t  w i th i n  th e  O x y tr ic h in a .  These a re :
A. Forms w i th  s i n g l e  l e f t  and r i g h t  m a rg in a l  rows o f  c i r r i  and 
f a i r l y  s t a b l e  numbers and p lacem en t o f  f r o n t o - v e n t r a l  c i r r i ,  
no t i n  rows ( O xy tr icha ,  S ty lo n v c h ia ,  Tachvsoma. and 
Gonostomum. Fig. 1).
B. Forms w i th  m u l t i p l e  r i g h t  m a rg in a l  row s o f  c i r r i  ( P l e u r o t r i c h a , 
F ig .  2 a).
0C. Forms w i th  v a ry in g  numbers o f  l o n g i t u d i n a l  row s o f  c i r r i  and 
o f t e n  reduced  numbers o f  f r o n t o - v e n t r a l  c i r r i  ( P a r a u r o s t v l a  
and A m P h is ie l l a . F igs .  2 b, c).
OXYTRICHINE MORPHOLOGY AND MORPHOGENESIS
D e f i n i t i o n s  o f  c i l i a r y  te rm in o lo g y  f o r  i n t e r p h a s e  t r o p h o z o i t e  as  
w e l l  as  t r a n s i t o r y  s t r u c t u r e s  o f  d iv i d in g  c e l l s  e x i s t  and w i l l  form the  
b a s i s  f o r  my d e s ig n a t io n s  (B orro r ,  1972, 1979; B o r ro r  and Evans, 1979; 
J e rk a -D z ia d o s z ,  1980, 1 9 8 la ,b ,  1982). A lthough J e rk a -D z ia d o s z  (1981b) 
o b je c t s ,  B o r r o r 's  (1979) d e s ig n a t io n s  o f  th e  3 m a jo r  d i v i s i o n s  o f  
c i l i a t u r e :  b u c c a l ,  f r o n t a l ,  and so m a t ic ,  p ro v id e  u s e f u l  c a t e g o r i e s  upon 
w hich to  base  more d e t a i l e d  d e s c r i p t i o n s  o f  h y p o t r i c h  c i l i a t u r e .
Because P a r a u r o s t v l a  hvrnenophora (F ig . 3) p o s s e s s e s  a l l  c i l i a r y  
f e a t u r e s  found i n  o x y t r i c h i n e  h y p o t r ic h s ,  i t  i l l u s t r a t e s  th e  l o c a t i o n s  
and g e n e ra l  ap p ea ran ce  o f  im p o r ta n t  c i l i a r y  g ro u p s  i n  th e  f o l l o w in g  
d e s c r i p t i o n  o f  o x y t r i c h i n e  morphology.
T ro p h o z o i te  Morphology and U l t r a s t r u c t u r e  
Buccal C i l i a t u r e
The m ost s t r i k i n g  f e a t u r e  o f  th e  bucca l c i l i a t u r e  i s  th e  a d o ra l  
zone o f  m e m b ran e l le s  (AZM), lo c a te d  to  th e  l e f t  (from  th e  o rg a n is m 's  
p o in t  o f  view) o f  th e  o r a l  c a v i ty  and e x ten d s  a n t e r o - d o r s a l l y  to  a 
p o in t  a t  th e  f a r  a n t e r i o r  r i g h t  o f  th e  c e l l .  The two o t h e r  m a jo r  
f e a t u r e s  o f  th e  b u cca l  c i l i a t u r e  a r e  th e  e n d o ra l  (EM) and p a r o r a l  
membranes (PM). The EM and PM a r e  s e p a ra te d  by a  c o r t i c a l  r id g e ,  th e  
r i g h t  b u cca l  o v e r t u r e  (RBO). The EM e x te n d s  from b en e a th  th e  RBO i n t o  
th e  o r a l  c a v i ty  and t y p i c a l l y  o r i g i n a t e s  from a s i n g l e  l o n g i t u d i n a l  row 
o f  k in e to so m es .  The PM l i e s  on th e  v e n t r a l  s u r f a c e  o f  th e  c e l l  j u s t  to  
th e  r i g h t  o f  th e  RBO and o r a l  c a v i ty  and o r i g i n a t e s  from a l o n g i t u d i n a l  
a r r a y  o f  1-6 o b l iq u e  row s o f  k in e to so m es .  S p a t i a l  r e l a t i o n s h i p s  o f
7
th e s e  s t r u c t u r e s  a re  c l e a r l y  d e m o n s tra te d  f o r  and 0. s i m i l i s  (F ig . 7c)
P a r a u r o s tv la  3 P . ( F ig .  1 8c) .
F r o n ta l  C i l i a t u r e
The f r o n t a l  c i l i a t u r e  o r  f r o n t o - v e n t r a l - t r a n s v e r s e  (F-V-T) system  
c o m p rise s  a v e n t r a l l y  d i s p e r s e d  group o f  locom oto ry  c i r r i  w hich s h a re  a 
common d e v e lo p m en ta l  o r ig i n .  For s i m p l i c i t y ,  t h i s  system  may be 
c o n s id e re d  as  s e v e r a l  subgroups, i n c lu d in g  f r o n t a l ,  p o s t -b u c c a l  ( o f t e n  
r e f e r r e d  to  as  v e n t r a l ) ,  t r a n s v e r s e  ( so m etim es  c a l l e d  an a l) ,  
l o n g i t u d i n a l ,  and ( i n  some n o n - o x y t r i c h in e  h y p o tr ic h s )  m id v e n t ra l  
c i r r i .
F r o n ta l  c i r r i  (FC) a r e  s i t u a t e d  on th e  a n t e r i o r  v e n t r a l  s u r f a c e  to
th e  r i g h t  o f  th e  PM and a re  v a r i a b l e  i n  number. The p o s t  bucca l c i r r i
(PBC) l i e  i n  th e  v e n t r a l  r e g io n  o f  th e  c e l l  p o s t e r i o r  to  th e  AZM. 
F r o n ta l  and p o s t - b u c c a l  c i r r i  bo th  f u n c t i o n  in  fo rw ard  d i r e c t e d  
lo co m o tio n ,  and a r e  o f t e n  te rm ed  s im p ly  f r o n t o - v e n t r a l  c i r r i .  The 
l e f t - m o s t  a n t e r i o r  f r o n t a l  c i r r u s  i s  f u n c t i o n a l l y  and m o rp h o lo g ic a l ly  
s i m i l a r  to  th e  o t h e r  f r o n t a l  c i r r i ,  bu t i s  e n ig m a t ic  i n  be ing  r e l a t e d  
d e v e lo p m e n ta l ly  to  th e  bu cca l  c i l i a t u r e ,  s p e c i f i c a l l y  the  PM. Hence, 
i t  i s  te rm ed  th e  p a r o r a l  c i r r u s .  B o rro r  (1979), n o t in g  i t s  o r ig i n ,  
in c lu d e d  th e  bu cca l  c i r r u s  i n  h i s  l i s t i n g  o f  f r o n t a l  c i l i a t u r e ,  bu t 
B o rro r  and Wicklow (1982) em phasized  i t s  o r i g i n  and l i s t e d  i t  w i th  th e  
bucca l c i l i a t u r e .
T ra n sv e rse  c i r r i  (TC) a re  l o c a t e d  n e a r  th e  p o s t e r i o r  end of th e  
v e n t r a l  s u r f a c e  o f  the  c e l l .  They range  in  number from 2 (F ig . 12) to  
many and a re  even c o m p le te ly  a b s e n t  i n  some o f  th e  seem in g ly  more 
p r i m i t i v e ,  n o n - o x y t r i c h in e  h y p o t r i c h s .  T oge ther  w i th  the  f r o n t a l  and 
p o s t -b u c c a l  c i r r i  th e y  com prise  th e  t o t a l  f r o n t a l  c i l i a t u r e  i n  th o se
9o x y t r i c h in e  h y p o t r i e h s  I  d e s ig n a te d  as  b e lo n g in g  to  groups A ( th e  
t y p i c a l  O x y t r ic h a - l i k e  form s) and B ( th e  P l e u r o t r l c h a - l i k e  fo rm s).
In  a d d i t i o n  to  the  3 c i l i a r y  g roups  d is c u s s e d  above, P a r a u r o s tv l a  
p o s s e s s e s  a group  o f  2 o r  more (som etim es  as many as 7 i n  P a r a u r o s tv la  
w e i s s e i  ( J e rk a -D z ia d o s z  and F ran k e l ,  1969)) l o n g i t u d i n a l  rows (LR) o f  
c i r r i  w hich ex te n d  from th e  a n t e r i o r  r e g io n  o f  th e  v e n t r a l  c e l l  s u r f a c e  
to  p o s i t i o n s  j u s t  a n t e r i o r  to  the  t r a n s v e r s e  c i r r i .  These rows s h a re  
th e  f u n c t i o n  o f  f o rw a rd  d i r e c t e d  lo c o m o tio n  w i th  th e  f r o n t o - v e n t r a l  
c i r r i .
M id v e n t ra l  c i r r i  com prise  a s p e c i a l  f i f t h  group o f  f r o n t a l  
c i l i a t u r e  w hich i s  d i a g n o s t i c  o f  the  s u b o rd e r  U r o s ty l in a  (Wicklow,
1981; B o rro r  and Wicklow, 1982). These c i r r i  a r e  no t  e n co u n te red  i n  
th e  O x y t r ic h in a  and e x h i b i t  a un ique d ev e lo p m en ta l  p a t t e r n  (B o rro r ,  
1979; Wicklow, 1981; B o rro r  and Wicklow, 1982). They a re  in c lu d e d  in  
t h i s  rev iew  becau se  one o f  the  s p e c ie s  c o n s id e re d  here, Gonostomum 
a f f i n e ,  p r e v io u s ly  was in c lu d e d  among th e  u r o s t y l i n e  h y p o t r ie h s ,  bu t,  
a s  shown, does n o t  p o s s e s s  m id v e n t r a l  c i r r i .
Som atic C i l i a t u r e
A t h i r d  m a jo r  type  o f  c i l i a t u r e ,  so m a t ic ,  o c c u p ie s  th e  l a t e r o -  
v e n t r a l  and d o r s a l  s u r f a c e s  o f  th e  h y p o t r i c h  c e l l .  In  o x y t r i c h in e s ,  
s o m a t ic  c i l i a t u r e  in c lu d e s  m a rg in a l  and cau d a l  c i r r i  and d o r s a l  
b r i s t l e s  or c i l i a .  M arg ina l  c i r r i  a re  lo c o m o to ry ;  d o r s a l  b r i s t l e s  a re  
p robab ly  se n s o ry  ( C o r l i s s ,  1979; G ortz ,  1982); and cauda l c i r r i  a r e  o f  
u n c e r t a in  v a r i a b l e  fu n c t io n .
M arg ina l c i r r i  o ccu r  on both  l e f t  and r i g h t  l a t e r o - v e n t r a l  
s u r f a c e s  o f  th e  c e l l .  The number o f  rows i s  i n t e r -  (and som etim es  
i n t r a - )  s p e c i f i c a l l y  v a r i a b l e  on bo th  s id e s  o f  th e  c e l l .  R ight
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m a rg in a l  rows (RMR) o f  c i r r i  ex ten d  from th e  r i g h t  end o f  th e  a n t e r i o r  
p o r t i o n  o r  c o l l a r  of th e  AZM to  th e  r i g h t  p o s t e r i o r  r e g io n  o f  th e  c e l l ,  
w h i le  l e f t  m a rg in a l  row s (LMR) ex tend  from th e  a r e a  o f  th e  p o s t e r i o r  
end o f  th e  AZM and b u cca l  c a v i ty  to  th e  l e f t  p o s t e r i o r  r e g io n  o f  th e  
c e l l .  O x y tr ic h in e  h y p o t r i e h s  u s u a l l y  p o s se s s  1 row o f  each , bu t th o se  
i n  g roup  B, r e p r e s e n t e d  by P l e u r o t r i c h a .  p o s s e s s  an a d d i t i o n a l  row o f  
r i g h t  m a rg in a l  c i r r i .
D o rsa l  c i l i a  occu r  i n  rows (DK) on th e  d o r s a l  s u r f a c e  o f  
h y p o t r i e h s .  Numbers o f  rows ran g e  from 3 to  6 i n  th e  O x y tr ic h in a .  
T y p ic a l ly ,  each b r i s t l e  su rm ounts  a dyad o f  k in e to so m e s  l y i n g  i n  a 
p i t  on the  d o r s a l  s u r f a c e .  T y p ic a l ly  o n ly  the  m ost a n t e r i o r  o f  th e  
p a i r  o f  k in e to so m es  i s  c i l i a t e d ;  th e  o t h e r  member o f  th e  dyad ( a b s e n t  
i n  some s p e c ie s  o f  S tv lo n v c h ia ) i s  u s u a l l y  topped  by a s h o r t  "s tub". 
D o rsa l  b r i s t l e s  a r e  n o n -m o t i le  and a r e  th o u g h t  to  be se n s o ry  in  
f u n c t i o n .
Caudal c i r r i  a r e  p o o r ly  u n d e rs to o d  f e a t u r e s  o f  th e  p o s t e r o - d o r s a l  
s u r f a c e  o f  h y p o t r i e h s .  They may be s t i f f  a s  i n  S tv lo n v c h ia  m y t i lu s  o r  
f l e x i b l e  as  i n  0. f a l l a x . S ince  th ey  a r e  d e v e lo p m e n ta l ly  a s s o c ia t e d  
w i th  th e  rows o f  d o r s a l  b r i s t l e s  th ey  may s h a re  a  s e n s o ry  fu n c t io n .  
A l t e r n a t i v e l y ,  s in c e  th e y  a re  a t  th e  p o s t e r i o r  end o f  th e  c e l l  and may 
o r i e n t  l a t e r a l l y  a t  t im e s ,  they  may be in v o lv e d  i n  s t e e r i n g .  S p e c ie s  
c o n s id e r e d  i n  t h i s  s tu d y  p o s se s s  e i t h e r  2 (T. s a l t a n s ) o r  3 cauda l 
c i r r i .
D iv i s io n  and R e o rg a n iz a t io n  M orphogenesis  
B ucca l C i l i a t u r e
W hile many h y p o t r i e h s  r e s o r b  and re fo rm  p a r t  o f  th e  AZM d u r in g  
c e l l  d i v i s i o n  (B o rro r ,  1979), members o f  th e  O x y tr ic h in a  t y p i c a l l y  do
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not. C o r t i c a l  r e o r g a n i z a t i o n  in  n o n -d iv id in g  c e l l s  does in v o lv e  th e  
r e s o r p t i o n  o f  p o s t e r i o r  o r  " l a p e l "  m em branelle3 , bu t  th e  p r o t e r s  o f  
d iv i d in g  p a i r s  r e t a i n  th e  p a r e n t a l  AZM. The PM and EM a re  a t  l e a s t  
p a r t i a l l y  re s o rb e d  bu t  re fo rm  i n  s i t u .
The e a r l i e s t  c o r t i c a l  s i g n  o f  b e g in n in g  c e l l  d i v i s i o n  i s  th e  
ap p ea ran ce  o f  an a n a r c h ic  f i e l d  o f  k in e to so m es  on th e  l e f t  v e n t r a l ,  
p o s t - b u c c a l  s u r f a c e  (F ig . 5a). These k in e to s o m e s  p r o l i f e r a t e  i n t o  a 
t r i a n g u l a r  o r a l  p rim ord ium  (OP) t h a t  e x te n d s  from a p o s t e r i o r  apex n e a r  
th e  l e f t  t r a n s v e r s e  c i r r u s  to  j u s t  p o s t e r i o r  o f  th e  AZM. These 
random ly  a rran g ed  k in e to so m es  a l i g n  i n t o  p a ram e m b ra n e l le s  (P u y to ra c  and 
G ra in ,  1976) b e g in n in g  a t  th e  most a n t e r i o r  s e c t i o n  o f  th e  f i e l d  
e v e n t u a l l y  p roduc ing  th e  o p i s th e  AZM. J e rk a -D z ia d o s z  (1981b), i n  h e r  
d e t a i l e d  a n a l y s i s  o f  t h i s  p ro c e s s  i n  P. w e i s s e i ,  p o in te d  o u t  t h a t  
s i m i l a r  p ro c e s s e s  ta k e  p la c e  i n  o t h e r  o x y t r i c h i n e  h y p o t r i e h s  (Grimes, 
1972; Grimes and L 'H ern au lt ,  1978; T u f f ra u ,  1969, 1970).
The PM and EM i n  bo th  p r o t e r  and o p i s t h e  deve lop  from  common 
p r im o r d ia  ( J e rk a -D z ia d o sz  and F ra n k e l ,  1969; J e rk a -D z ia d o s z ,  1981b).
In  th e  p r o t e r  t h i s  p r im ord ium  i s  d e r iv e d  from th e  c o n s t i t u e n t  
k in e to so m e s  o f  the  p a r e n t a l  UM and s u b s e q u e n t ly  r e o r g a n i z e s  to  form  th e  
new UM o f  the  p r o t e r .  The new UM of  a r e o r g a n i z in g  c e l l  i s  a l s o  
produced in  t h i s  manner and a l th o u g h  th e  p ro c e s s  was o b se rv ed  in  
numerous h y p o t r ie h s  i t  was n e v e r  s u b je c t e d  to  r ig o r o u s  u l t r a s t r u c t u r a l  
a n a l y s i s  (Bakowska and J e rk a -D z ia d o s z ,  1978; B orro r ,  1972, 1979; B o rro r  
and Evans, 1979; F le u ry  and F ry d -V e rs a v e l ,  1981; Grim es, 1972; Grimes 
and A dler ,  1978; Grimes and L’H e rn a u lt ,  1978, 1979; J e rk a -D z ia d o s z ,  
1972a,b, 1974, 1981b; J e rk a -D z ia d o s z  and F ra n k e l ,  1969; J e rk a -D z ia d o s z  
and Jan u s ,  1972; Walker and Grim, 1973; Wicklow, 1981).
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Development o f  the  o p i s th e  UM, on th e  o t h e r  hand, r e c e iv e d  
d e t a i l e d  u l t r a s t r u c t u r a l  a t t e n t i o n  from J e rk a -D z ia d o s z  (1981b). The 
o r i g i n  o f  the  "founder"  k in e to so m es  o f  the  o p i s th e  UM f i e l d  i s  n o t  
known w ith  c e r t a i n t y .  There i s  some ev id e n c e  t h a t  th e y  may be 
c o n t r i b u t e d  by the  AZM prim ord ium  which, i n  e a r l y  s t a g e s  o f  
deve lopm en t,  p roduces an a n t e r i o r l y  d i r e c t e d  s t r e a k  o f  k in e to s o m e s  
( J e rk a -D z ia d o s z ,  1981b). This s t r e a k  q u ic k ly  d i s a p p e a r s  bu t  may be 
in v o lv e d  i n  th e  p ro d u c t io n  o f  th e  UM f i e l d  w hich  a r i s e s  i n  i t s  p la c e ,  
s e p a r a t e  from th e  AZM f i e l d .  I n i t i a l l y  k in e to so m e s  i n  th e  UM f i e l d  a re  
random ly  a r ra n g e d ,  bu t i n  th e  co u rse  o f  deve lopm en t ,  a c q u i r e  a  more 
o r d e r ly  appea rance .  K inetosom es a lo n g  the  l e f t  m arg in  o f  th e  UM f i e l d  
f i r s t  become a l ig n e d  i n  p a i r s .  The EM i s  p roduced  f i r s t  by a  
s e p a r a t i o n  o f  the  k in e to s o m a l  p a i r s  a long  the  l e f t  m arg in  o f  th e  UM. 
This  i s  accom panied by g row th  o f  th e  RBO w hich i n c r e a s e s  th e  d i s t a n c e  
be tw een  th e  rows o f  r i g h t  and l e f t  k in e to so m e s  produced  by the  
s e p a r a t i o n  o f  th e  o ld  row o f  k in e to s o m a l  p a i r s .  The r e m a in in g  
k in e to s o m e s  o f  the  UM f i e l d  th en  become a l ig n e d  i n t o  a v a ry in g  number 
(from  1 i n  O x v tr lch a  to  as  many as  6 i n  P a r a u r o s t v l a ) o f  l o n g i t u d i n a l  
row s to  form th e  PM.
F r o n t a l  C i l i a t u r e
The p a r o r a l  c i r r u s ,  o r  f r o n t a l  c i r r u s  #1 i n  some t e r m i n o l o g i e s  
( J e rk a -D z ia d o s z ,  1981b), a r i s e s  from th e  r i g h t  a n t e r i o r  p o r t i o n  o f  the  
UM prim ord ium  as was c l e a r l y  d e m o n s tra te d  by Grimes and L 'H e rn a u l t
(1978) and Je rk a -D z ia d o sz  (1981 b) ( see  a l s o  F ig s .  8c and 18 f o r  
exam ples i n  t h i s  t e x t ) .
The re m a in d e r  o f  th e  f r o n t a l  c i l i a t u r e  a r i s e s  from 2 s e r i e s  o f  
l o n g i t u d i n a l  s t r e a k s  which, i n  o x y t r i c h in e  s p e c i e s ,  t y p i c a l l y  a p p e a r  in
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a n t e r i o r  and p o s t e r i o r  l a t i t u d i n a l  zones (F ig . 5). D e d i f f e r e n t i a t i o n  
o f  v a r io u s  p a r e n t a l  f r o n t o - v e n t r a l  c i r r i  p ro v id e s  k in e to so m es  f o r  
i n i t i a l  f o r m a t io n  o f  th e s e  s e t s  o f  l o n g i t u d i n a l  s t r e a k s .
U l t r a s t r u c t u r a l  d e t a i l s  o f  t h i s  d e d i f f e r e n t i a t i o n  and su b se q u en t  s t r e a k
developm ent a r e  p ro v id e d  by Grimes (1972) and Je rk a -D z ia d o s z  (1981 a). 
A ll  c i r r i  i n  th e  F-V-T sy s tem , w ith  th e  e x c e p t io n  o f  th e  bu cca l  c i r r u s ,  
a r i s e  from th e s e  s t r e a k s .  D e t a i l s  o f  ap p o r t io n m e n t  o f  p a r e n t a l  c i r r i  
f o r  s t r e a k  p ro d u c t io n  and k in e to so m es  f o r  c i r r a l  developm ent v a ry  from 
s p e c ie s  to  s p e c ie s .  In  a l l  s p e c ie s  t h a t  I  s tu d ie d ,  however, 
deve lopm ent o f  th e  k in e to s o m a l  s t r e a k s  i n t o  p r o c i r r i  (J e rk a -D z ia d c sz ,  
1981a) and, e v e n t u a l l y ,  i n t o  c i r r i ,  p ro g re s s e s  from a n t e r i o r  to  
p o s t e r i o r  and from  l e f t  to  r i g h t  (F ig s .  5, 18). D uring c i r r a l
d eve lopm en t,  p r o c i r r i  move tow ard  th e  p o s i t i o n s  o f  th e  m atu re  c i r r i .
The mechanism o f  t h i s  m ig r a t io n  i s  u n c e r t a i n  b u t  a p p a r e n t ly  in v o lv e s  
m ic r o tu b u la r  f o rm a t io n s  i n  e i t h e r  d i r e c t  ( a c t iv e )  o r  i n d i r e c t  ( s e r v in g  
a s  " t r a c k s "  o f  m ig ra t io n )  r o l e s  ( J e rk a -D z ia d o sz ,  1981 a).
S om atic  C i l i a t u r e
The o n s e t  o f  l e f t  and r i g h t  m a rg in a l  c i r r a l  row developm ent i s  
marked by d e d i f f e r e n t i a t i o n  o f  p a r e n t a l  m a rg in a l  c i r r i  i n  2 
l a t i t u d i n a l  zones . Component k in e to so m es  become a l ig n e d  i n t o  a n t e r i o r  
and p o s t e r i o r  s t r e a k s  o f f s e t  somewhat t o  th e  r i g h t  o f  t h e i r  r e s p e c t i v e  
m a rg in a l  c i r r a l  row s; new k in e to so m es  a r e  produced, and p r o c i r r i  and 
m a tu re  c i r r i  a r e  form ed much as w i th  f r o n t a l  c i r r a l  developm ent ( J e r k a -  
D z ia d o s z ,  1981a).
D o rsa l  b r i s t l e  row developm ent i n  th e  s u b o rd e r  can be viewed as 2 
s e p a r a t e  bu t no t m u ta l ly  e x c lu s iv e  p ro c e s s e s :  d o r s a l  and
d o rs o m a rg in a l .  The f i r s t ,  d o r s a l  k i n e t a l  developm en t (o r  1 o f  s e v e r a l
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s l i g h t  v a r i a t i o n s  th e r e o f ) ,  i s  observed  in  a l l  h y p o t r i e h s  s tu d i e d  to  
d a te .  In  G a s t r o s tv la  3 t e i n i l ,  w hich has 4 d o r s a l  b r i s t l e  row s, 
k in e to so m a l  s t r e a k s  a r e  p roduced  w i th in  the  p a r e n t a l  rows i n  2 
l a t i t u d i n a l  zones c o r re s p o n d in g  to  the  f r o n t a l  and m a rg in a l  s t r e a k s .
The 4 d o r s a l  b r i s t l e  rows o f  th e  p r o t e r  and o p i s t h e  d ev e lo p  from th e s e  
s t r e a k s .  Three cau d a l  c i r r i  a r e  produced a t  th e  p o s t e r i o r  ends o f  
th e s e  s t r e a k s ,  1 each  from th e  2 r i g h t  s t r e a k s  and 1 a t  a  p o s t e r i o r  
convergence o f  th e  2 l e f t  s t r e a k s .  S im i l a r  p r o c e s s e s  o f  d o r s a l  b r i s t l e  
row developm ent occu r  i n  o x y t r i c h i n e  h y p o t r i e h s  w i th  more th a n  4 d o r s a l  
k i n e t i e s ,  and a second p ro c e s s ,  d o rs o m a rg in a l  deve lopm en t,  a c c o u n ts  f o r  
th e  p ro d u c t io n  o f  a d d i t i o n a l  r i g h t  rows. The 3 l e f t  rows p roduce  
k in e to so m a l  s t r e a k s  i n  2 zones. D uring e lo n g a t io n  th e  l e f t m o s t  o f  
th e s e  rows b reak s  to  form 2 rows which e v e n t u a l l y  o v e r la p  and come to  
l i e  b e s id e  each  o th e r  i n  th e  m a tu re  c e l l .  A d d i t i o n a l  r i g h t  row s o f  
d o r s a l  b r i s t l e s  a re  produced  from s t r e a k s  o f  k in e to so m es  w h ich  a r i s e  
n ea r  th e  r i g h t  m a rg in a l  row i n  bo th  p r o t e r  and o p i s th e  and ex ten d  
d o r s a l l y  and p o s t e r i o r l y .  Caudal c i r r i  a r e  t y p i c a l l y  p roduced  a t  th e  
ends o f  rows 1, 2, and 4 (c o u n t in g  from th e  l e f t ) .  Caudal c i r r i  move 
to  th e  p o s t e r o - d o r s a l  a r e a  o f  th e  c e l l  a t  th e  end o f  d i v i s i o n  and o f t e n  
come to  ap p ea r  c o n t in u o u s  w i th  th e  2 m a rg in a l  row s.
Cvst Morphology
U l t r a s t r u c t u r a l  in f o r m a t io n  on the  h y p o t r i c h  c y s t  i s  more l i m i t e d  
th a n  f o r  i n t e r p h a s e  and d i v i d i n g  c e l l s .  W alker e£. a l .  (1980) 
r e i t e r a t e d  C o r l i s s  and E s s e r ' s  (1974) o b s e r v a t io n  on th e  p a u c i ty  o f  
knowledge o f  c i l i a t e  c y s t i c  phenomena in  g e n e r a l  and h y p o t r i c h  c y s t  
f i n e  s t r u c t u r e  i n  p a r t i c u l a r .  Walker and Maugel (1980) o b se rv e d  t h a t  
u l t r a s t r u c t u r a l  i n f o r m a t io n  on c y s t s  of O x v tr ic h a  f a l l a x  (G rim es,
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1973a ,b ,c) ,  S ty lo n v c h ia  m v t i lu s  (W alker a l „  1975), G a s t r o s t v l a  
_st e l  n i l  (W alker j Jl al.. ,  1980), and Dlophvrvs scu tum  (W alker and Maugel, 
1980), a l lo w s  r e c o g n i t i o n  o f  a t  l e a s t  2 c l a s s e s  o f  h y p o t r i c h  c y s t s :  
k ine to som e  r e s o r b in g  (KR) and non-k ine tosom e r e s o r b in g  (NKR). This  
c l a s s i f i c a t i o n  was based on d i f f e r e n c e s  i n  a number o f  c a t e g o r i e s  
in c lu d in g  deve lopm en t,  s t r u c t u r e ,  and r e l a t i v e  t h i c k n e s s  o f  th e  c y s t  
w a l l ,  e x t e n t  o f  r e s o r p t i o n ,  and o r g a n iz a t i o n  o f  r e t a i n e d  c y to p la s m ic  
and c o r t i c a l  o r g a n e l l e s ,  m a c ro n u c lea r  f u s io n ,  and r e t e n t i o n  o f  
v e g e t a t i v e  c e l l  volume. G u t ie r r e z  s i .  (1981, 1983) l a t e r  d e s c r ib e d  
th e  f i n e  s t r u c t u r e  o f  th e  c y s t  w a l l  o f  L a u r e n t l e l l a  a c u m in a ta  and 
d e m o n s t r a te d  t h a t  i t  p roduces  a KR c y s t .  The o n ly  NKR c y s t -p ro d u c in g  
s p e c ie s  o f  th e s e  5 i s  th e  e u p lo t in e  J). scutum . A d e t a i l e d  d e s c r i p t i o n  
o f  t h i s  c y s t  ty p e  can be found i n  W alker and Maugel (1980). KR c y s t  
p r o d u c t io n  i s  o b se rv ed  in  th e  re m a in in g  4 o x y t r i c h i n e  s p e c ie s .
The C yst W all
KR c y s t s  p o s s e s s  a p r o t e c t i v e  w a l l  com prised  o f  4, m o s t ly  
f i b r i l l a r ,  l a y e r s  (F ig . 20). The o u te rm o s t  o f  th e s e ,  th e  e c t o c y s t ,  i s  
a t h i n ,  l o o s e l y  packed l a y e r  o f  l a m e l l a e .  A t h i c k e r  m eso cy s t  i s  
composed o f  more t i g h t l y  packed f i b e r s  i n  a l t e r n a t i n g  l a y e r s .  T h is  
l a y e r  a l t e r n a t i o n  p roduces  what i s  te rm ed  a  "h e r r in g b o n e "  appea rance  
(W alker £ t  jil.., 1975). The t h i r d  c y s t  w a l l  l a y e r ,  th e  t h i n  en d o cy s t ,  
i s  composed o f  t i g h t l y  packed, u s u a l ly  e l e c t r o n  dense  f i b e r s .  The 
in n e rm o s t ,  " g r a n u la r "  l a y e r  ap p ea rs  c o a rs e  and i s  o f  i n t e r m e d i a t e  
th i c k n e s s  and e l e c t r o n  o p a c i ty .  The c h em ica l  c o m p o s i t io n s  o f  th e s e  
l a y e r s  rem a in  unknown.
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H y p o tr ich  c y s t s  a re  u s u a l l y  d e s c r ib e d  as " s p h e r i c a l "  and a l th o u g h  
s u r f a c e  s c u l p t u r i n g  i s  ob se rv ed  and commented upon, no d e t a i l e d  
d e s c r i p t i o n s  o f  s p e c i f i c  d e t a i l s  o r  i n t e r s p e c i f i c  d i f f e r e n c e s  i n  t h i s  
s c u l p t u r i n g  a re  made.
Cytoplasm
Loss o f  w a te r  d u r in g  en cy s tm en t r e s u l t s  i n  a d r a m a t ic  i n c r e a s e  i n  
c y to p la s m ic  d e n s i t y  (T rager,  1963). This  d e s i c c a t i o n  i s  th o u g h t  to  
r e t a r d  h y d r o l y t i c  d e g ra d a t io n  (W alker .gt. .a l. ,  1980). C y to p la sm ic  
m ic r o tu b u la r  s t r u c t u r e s ,  in c lu d in g  k in e to so m e s ,  a r e  a b s e n t .  Broad 
bands o r  c l u s t e r s  o f  m i to c h o n d r ia  occupy th e  p e r i p h e r a l  c y to p la s m ic  
r e g io n  J u s t  i n t e r i o r  to  th e  c y s t  w a l l  and a t  a  d i s t a n c e  from  th e  
c e n t r a l  m acronuc leus  and 1 to  s e v e r a l  a d j a c e n t  m ic ro n u c le i .
M acro n u c lea r  c h ro m a t in  o c c u rs  i n  l a r g e r ,  o f t e n  more dense , c l u s t e r s  
than  i n  e x c y s te d  c e l l s ,  and n u c l e o l i  a r e  s m a l l e r  and l e s s  
d i f f e r e n t i a t e d  as  w e ll .  M ic ro n u c le i  a r e  s i m i l a r  to  th o s e  o f  v e g e t a t i v e  
c e l l s  bu t  may be su rrounded  by l a y e r s  o f  membranes a n d /o r  am orphous 
m a t e r i a l .  The a r e a  betw een th e  n u c leu s  and m i to c h o n d r ia  i s  o ccup ied  by 
au to ly so m e s ,  r ibosom es,  and a p p a re n t  s t a r c h  r e s e r v e  g r a n u le s ,  a l l  o f  
w hich may be i n t e r s p e r s e d ,  i n  s m a l l e r  numbers, among th e  m i to c h o n d r ia .
Cvst Development
Encvstm ent
C i l i a t e  en cy s tm en t in v o lv e s  4 s e p a r a t e  and d i s t i n c t  p r o c e s s e s  
(T rag e r ,  1963): (1) c y s t  w a l l  p ro d u c t io n ,  (2) n u t r i e n t  r e s e r v e  
s to r a g e ,  (3) d e d i f f e r e n t i a t i v e  a c t i v i t i e s ,  i n c lu d in g  r e s o r p t i o n  o f  
v a r io u s  o r g a n e l l e s  and m o d i f i c a t io n  o f  c e l l  shape  to  conform  to  c y s t  
morphology, and (4) w a te r  l o s s  p roduc ing  in c r e a s e d  c y to p la s m ic  d e n s i ty .
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E l e c t r o n  m icroscopy r e v e a le d  f i n e r  d e t a i l s  in v o lv e d  i n  some o f  th e s e  
p r o c e s s e s ,  most n o ta b ly ,  c y s t  w a l l  p ro d u c t io n .
The developm ent o f  KR c y s t s  i n v o lv e s  th e  p ro d u c t io n  o f  4 d i s t i n c t  
ty p e s  o f  c y s t  w a l l  p r e c u r s o r s ,  each  c o r re s p o n d in g  to  1 o f  th e  4 c y s t  
w a l l  l a y e r s .  E c to c y s t  p r e c u r s o r s  o r i g i n a t e  as d i s c s  o r  s t a c k s  o f  d i s c s  
form ed from an amorphous m a t e r i a l  i n  deep c y to p la s m ic  v a c u o le s .  These 
p r e c u r s o r s  m ig ra te  to  th e  c e l l  s u r f a c e  where th ey  a r e  d e p o s i t e d  be tw een  
th e  c e l l  membranes. I n t e r s p e c i f i c  d i f f e r e n c e s  i n  t h i s  p ro c e s s  may 
e x i s t .  Walker ,§Jl £ l .  (1980) found t h a t  i n  £. s t e l n i l  e c t o c y s t  
p r e c u r s o r s  a re  r e l e a s e d  from th e  v a c u o le  i n t o  th e  c y to p la sm  and m ig r a te  
in d e p e n d e n t ly  to  th e  c e l l  s u r f a c e ,  w h i le  i n  jQ, f a l l a x  (G rim es, 1973a) 
th e  v a c u o le s  a p p a r e n t ly  m ig r a te  and r e l e a s e  th e  p r e c u r s o r s  d i r e c t l y  
b e tw een  th e  membranes. P ro d u c t io n  o f  th e  o th e r  3 ty p e s  o f  p r e c u r s o r  
f o l l o w s  e c t o c y s t  d e p o s i t io n .  M esocyst p r e c u r s o r s ,  form ed from lo o s e  
f i b r o u s  m a t e r i a l  a re  l a r g e r  th a n  e n d o c y s t  and g r a n u la r  l a y e r  
p r e c u r s o r s .  Grimes (1973a) p u b l i s h e d  p h o to g rap h s  o f  en d o c y s t  and 
g r a n u l a r  l a y e r  p r e c u r s o r s ,  and W alker e t  a l .  (1980) showed "p ro b ab le"  
g r a n u l a r  l a y e r  p r e c u r s o r s  d i f f e r i n g ,  a t  l e a s t  i n  s i z e ,  from  th o s e  o f  
G rim es, bu t n e i t h e r  o f f e r e d  any d e s c r i p t i o n  o f  t h e i r  c o n te n ts .  A ll  
ap p e a r  amorphous or g r a n u la r .  The c o n t e n t s  o f  m esocyst ,  e n d o c y s t ,  and 
g r a n u l a r  l a y e r  p r e c u r s o r s  a r e  l a i d  down s e q u e n t i a l l y  i n s i d e  th e  newly 
form ed e c to c y s t .
C y to p lasm ic  and c o r t i c a l  changes d u r in g  en cy s tm en t in c lu d e  l o s s  o f  
w a te r  and the  r e s u l t a n t  i n c r e a s e  i n  c y to p la s m ic  d e n s i t y ,  r e s o r p t i o n  o f  
a l l  m ic r o tu b u la r  e le m e n ts  o f  bo th  k in e to s o m a l  and c y to p la s m ic  o r i g i n ,  
c l u s t e r i n g  o f  m i to c h o n d r ia  w i th  t i g h t l y  packed c r i s t a e ,  and th e  
p ro d u c t io n  o f  g ra n u le s  r e s e m b l in g  th o se  shown by V erni and R o s a t i
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(1980) to  be in v o lv e d  i n  p o ly s a c c h a r id e  s to r a g e .  M acronuc le i,  
r e g a r d l e s s  o f  number, f u s e  to  form a s in g le ,  c e n t r a l  , dense 
m acronuc leus .  W hile m ic r o tu b u la r  e le m e n ts  a r e  r e s o rb e d  i n  th e  
cy top lasm , th ey  a r e  produced i n  q u a n t i t y  in  th e  m acronuc leus , p o s s i b ly  
a i d in g  i n  m a c ro n u c le a r  f u s io n  (W alker e t  a l , ,  1980), bu t d i s a p p e a r  
p r i o r  to  th e  c e s s a t i o n  o f  en cy s tm en t a c t i v i t y .  M ic ro n u c le a r  
p r e p a r a t io n  f o r  e n c y s tm e n t  in v o lv e s  e l a b o r a t i o n  o f  s e v e r a l  s u r ro u n d in g  
l a y e r s  o f  amorphous o r  membranous m a t e r i a l  ( W alker et. a l . ,  1980). 
M ic ro n u c le a r  f u s i o n  was never observed  d u r in g  h y p o t r i c h  en cy s tm en t ,  bu t  
r e s o r p t i o n  o ccu rs  f r e q u e n t l y  (W alker e t  a l . ,  1980).
Excvstm ent
E xcystm ent b e g in s  w i th  th e  d i s p e r s a l  o f  th e  m i tc h o n d r i a l  c l u s t e r s ,  
p resum ably  i n  p r e p a r a t i o n  f o r  p r o v i s io n  of th e  soon  to  be in c r e a s e d  
energy  r e q u i r e m e n t s  o f  th e  c e l l .  P a i r s  o f  k in e to so m e s  a r e  form ed de 
novo deep i n  th e  c y to p la sm  and m ig r a te  t o  the  c e l l  s u r f a c e  w here th e y  
p r o l i f e r a t e  t o  form  a  k in e to so m a l  f i e l d .  F u r th e r  developm ent of 
v e g e t a t i v e  c i l i a r y  s t r u c t u r e s  (AZM, c i r r i ,  e t c . )  p roceeds  th rough  
e l a b o r a t i o n  o f  g ro u p s  o f  k in e to so m es  from t h i s  f i e l d ,  m ig ra t io n ,  
f u r t h e r  k in e to s o m a l  r e p l i c a t i o n ,  and f i n a l  c i l i a r y  d i f f e r e n t i a t i o n .  
P ro d u c t io n  o f  s p e c i f i c  p r im o rd ia  and t h e i r  su b se q u e n t  d i f f e r e n t i a t i o n  
to  m a tu re  c i l i a r y  s t r u c t u r e s  c o r re sp o n d s  c l o s e l y  t o  t h a t  observed  i n  
d i v i d in g  and r e o r g a n i z in g  c e l l s  (G rim es, 1973a; T u f f ra u  and F ry d -  
V e rs a v e l ,  1977; J a re n o ,  1977; J a re n o  and T u ff ra u ,  1979; G u t i e r r e z  e_t 
a l . ,  1981).
M acronuc lea r  d i v i s i o n  in  ex cy s tm en t o ccu rs  a m i t o t i c a l l y  and 
p roduces  th e  d i a g n o s t i c  number o f  m a c ro n u c le i  p r i o r  to  th e  f i r s t  p o s t -
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c y s t i c  c e l l  d i v i s i o n .  M ic ro n u c le a r  a c t i v i t y  in v o lv e s  a com plex s e r i e s  
o f  m i t o t i c  d i v i s i o n s  and r e s o r p t i o n s  (Grimes, 1973a; W alker, 1976).
In  an e f f o r t  to  c l a r i f y  r e l a t i o n s h i p s  w i t h i n  th e  O x y t r ic h in a  I  
i n v e s t i g a t e d  th e  morphology and u l t r a s t r u c t u r e  o f  bo th  i n t e r p h a s e  c e l l s  
and c y s t s  as w e l l  as  d i v i s i o n  m orphogenesis  i n  r e p r e s e n t a t i v e s  o f  each 
o f  th e  3 g roups  l i s t e d  above. I n te r p h a s e  c e l l  s t r u c t u r e  and d i v i s i o n  
m orphogenesis  r e p r e s e n t  c l a s s i c a l  app ro ach es  to  th e  s tu d y  o f  c i l i a t e  
phylogeny (B o rro r  and Evans, 1979; C o r l i s s ,  1979). Cyst s t r u c t u r e  
however, an a r e a  o f  c o n s id e r a b le  im p o r ta n c e  to  o th e r  g ro u p s  o f  p ro to z o a  
(M ehlhorn .§£. al** 1976), has s een  l i m i t e d  use  as  a t o o l  i n  p h y lo g e n e t ic  
i n v e s t i g a t i o n s  o f  c i l i a t e s  ( C o r l i s s  and E sse r ,  1974). W ith  re g a rd  to  
h y p o t r i c h  c y s t s ,  o n ly  Grim es (1972, 1 9 7 3 a ,b ,c ) ,  H ashim oto (1962, 1963, 
1964), W alker (1976), W alker and Goode (1976), W alker and Maugel (1976, 
1980),  W a lk e r  s t  s i .  (1 9 7 5 ,  1980 ) ,  and G u t i e r r e z  s i  s i .  (1 9 8 1 ,  1983) 
r e c e n t l y  p u b l i s h e d  c o m p a ra t iv e  in f o r m a t io n  on a t o t a l  o f  5 s p e c ie s .  I  
in te n d  to  combine i n f o r m a t io n  from t h i s  n e g le c te d ,  b u t  p o t e n t i a l l y  
u s e f u l ,  a r e a  o f  h y p o t r i c h  b io lo g y  w i th  m o rp h o lo g ic a l  and d e v e lo p m e n ta l  
d a t a  to  produce a  u n i f i e d  view  o f  i n t e r -  and i n t r a s u b o r d i n a l  
r e l a t i o n s h i p s  o f  th e  O x y tr ic h in a .
MATERIALS AND METHODS
C o llec t io n
The 11 o x y t r i c h in e  h y p o t r i e h s  (o f  75-80 s p e c ie s  l i s t e d  i n  th e  
s u b o rd e r  by B o rro r ,  1972) f o r  co m p ar iso n  a r e  from a v a r i e t y  o f  so u rc e s .
I  r e c e iv e d  O x v tr ic h a  f a l l a x  S t e i n  1859 from Dr. D.M. P r e s c o t t ,  
U n iv e r s i t y  o f  Colorado, B ou lde r,  C olorado , U.S.A. who, i n  tu rn ,  
r e c e iv e d  th e  l i n e  from Dr. T.M. Sonneborn, U n i v e r s i t y  o f  In d ia n a ,  
B loom ington , In d ia n a .  I  c o l l e c t e d  a second  s t r a i n  from a moss i n  th e  
W entworth G reenhouses i n  R o l l i n s f o r d ,  New Hampshire, U.S.A. (43°12 ' N. 
L a t . ,  7 0 ° 5 2 ’ W. L ong .) .
The o ran g e  l i c h e n ,  X a n th u r ia  p o lv o a rp a .  g row ing  i n  abundance on 
A p p le d o r e  I s l a n d ,  I s l e s  o f  S h o a l s ,  M a in e ,  U.S.A. ( 4 2 ° 5 9 '  N. L a t . ,
70° 3 7 » vf. Long.) y ie ld e d  my s t r a i n  o f  O x v tr ic h a  q u a d r i n u c l e a t a  D ra je sc o  
and Njinfi, 1971.
O x y tr lc h a  s i m i l i s  Engelmann, 1862 ap p ea red  as a  c o n ta m in a n t  i n  a 
c u l t u r e  o f  S tv lo n v c h ia  p u s t u l a t a  k e p t  a t  th e  Jack so n  E s tu a r in e  
L a b o r a t o r y ,  Durham, New H a m p s h i r e  (4 3 °  5 '  N. L a t . ,  7 0 °  5 2 '  W.
L o n g .) .
I  r e c e iv e d  2 s t r a i n s  o f  S tv lo n v c h ia  p u s t u l a t a  (M u lle r ,  1786) 
E hrenberg , 1838 from Dr. D.M. P r e s c o t t  who c o l l e c t e d  them from 
f r e s h w a t e r  n e a r  B o u ld e r ,  C o lo r a d o  (4 0 °  2 '  N. L a t . ,  105°  19 ' W. L o n g .) ,  
and as  a co n ta m in a n t  i n  a Paramecium c u l t u r e  from th e  C a ro l in a  
B io l o g i c a l  Supply Company.
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I  c o l l e c t e d  H i s t r i c u l u s  h i s t r i o  (M u lle r .  1786) from  Crommet Creek 
a t  i t s  i n t e r s e c t i o n  w i th  Dame Road i n  Durham, New H am pshire (4 3 °6 * N. 
L a t . ,  7 0 ° 5 2 '  W. L ong .) .
I c o l le c te d  Tachvsoma sd. from a t id a l  marsh on Adams Point, 
Durham, New Hampshire (4 3 ° 6 * N. Lat., 70°52' W. Long.).
My c o l l e c t i o n s  o f  Gonostomum a f f i n e  ( S te in ,  1859) Kahl, 1932 a r o s e  
from th e  same l i c h e n s  (X a n th u r ia  p o lv c a rp a ) on A ppledore  I s l a n d ,  Maine 
as  JQ, o u a d r in u c l e a t a .
Dr. Gary Grimes o f  H o f s t r a  U n iv e r s i t y ,  Hempstead, New York, U.S.A. 
p ro v id ed  a  sam ple o f  h i s  s t r a i n  PLB3 o f  P l e u r o t r i c h a  l a n c e o l a t a  
( E h r e n b e r g ,  1838).
I  a l s o  r e c e iv e d  my s t r a i n  o f  P a r a u r o s tv l a  w e l s s e i  ( S te in ,  1859) 
from Dr. Grimes.
A s m a l l  pond on Adam's P o in t ,  Durham, New H am pshire  p roduced  
c u l t u r e s  o f  P a r a u r o s t v l a  hvmenophora.
I  r e c e iv e d  2 s t r a i n s  o f  P a r a u r o s tv l a  sd. from Dr. A.C. B o rro r ,  
U n iv e r s i t y  o f  New H am pshire , Durham, New H ampshire. Dr. B o r ro r  
c o l l e c t e d  th e  sam p les  from  2 l o c a t i o n s :  a  s m a l l  pond on A ppledore  
I s l a n d ,  I s l e s  o f  S h o a ls ,  Maine, and a r a i n w a t e r  pudd le  on th e  campus o f  
La U n iv e rs id a d  N a t io n a l  Autonoma de Mfexico, Mexico C ity ,  Mexico 
( 19°25 ' N. L a t . ,  9 9 ° 7 '  W. Long .) .
C u l tu re  Methods
I  m a in ta in e d  0. a u a d r i n u c le a ta .  0. s i m i l i s .  P a r a u r o s t v l a  
hvmenophora, and G. a f f i n e  i n  P r in g sh e im 's  s o l u t i o n  (Chapman-Andre3on,
1962) w i th  a s p l i t  pea to  encourage b a c t e r i a l  g row th . I  s t o r e d  
c u l t u r e s  a t  20° C o r ,  w here more r a p id  g row th  was d e s i r e d ,  room 
te m p e ra tu re .  In  th e  case  o f  0. a u a d r i n u c l e a t a  th e  a c t u a l  food  o rgan ism
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was an u n i d e n t i f i e d  s p e c i e s  o f  th e  c a r t e r i i d  f l a g e l l a t e  P o lv to m e l l a  
Aragao, 1910 w hich o c c u r r e d  i n  th e  same l i c h e n  from w hich I  reco v e re d  
th e  h y p o t r i c h .  While P a r a u r o s t v l a  hvmenophora has  p r e v io u s ly  been fed  
th e  c i l i a t e  Tetrahvm ena (Grimes and L 'H ern au lt ,  1978), th e  s t r a i n  used 
h e re  was e x c l u s i v e l y  b a c t iv o ro u s .
I  c u l tu r e d  J,  s a l t a n s  a t  room te m p e ra tu r e  i n  f i l t e r e d  s e a w a te r  
(35°/oo) w i th  a  s p l i t  pea to  encourage  b a c t e r i a l  grow th .
I  m a in ta in e d  0, f a l l a x ,  S. p u s t u l a t a ,  H. h i s t r i o .  P a r a u r o s ty l a  
w e i s s e i ,  and P a r a u r o s t v l a  sp. i n  P r in g s h e im 's  s o l u t i o n  a t  20° C o r  room 
te m p e ra tu r e .  I  c u l t u r e d  th e  c i l i a t e  Tetrahvm ena p v r i f o r m i s  i n  th e  
f o l l o w i n g  manner: I  d i s s o l v e d  10 gm o f  p ro te o s e  pep tone  and 0.2 gm 
K2HPO i n  1 l i t e r  o f  18 megohm d i s t i l l e d  w a te r .  I  th en  d is p e n s e d  th e  
s o l u t i o n  i n  100 ml vo lum es  to  250 ml E r len m ey e r  f l a s k s ,  s to p p e re d  them 
w i th  foam, a u to c la v e d  them a t  121° C f o r  15-20 min and co o led .  I  
i n o c u la t e d  f l a s k s  as  needed w i th  X- p v r i f o r m i s  and w ild  b a c t e r i a  and 
s to r e d  them a t  20° C. C u l tu r e s  were re a d y  f o r  use  i n  2 -3  days. I  
c o n c e n t r a te d  food o rg a n ism s  by e i t h e r  l i g h t  c e n t r i f u g a t i o n  fo l lo w e d  by 
r i n s i n g  i n  f r e s h  P r in g s h e im 's  s o l u t i o n  ( r e p e a t e d  once) o r ,  where more 
im m a c u la te  c e l l  s u s p e n s io n s  w ere d e s i r e d ,  a m o d i f i c a t io n  o f  van 
Wagtendonk and S o ld o 's  (1970) d e n s i t y  l a y e r i n g  m ig r a t i o n  te c h n iq u e .  In  
th e  l a t t e r ,  I  poured a p p ro x im a te ly  50 ml o f  " lo g  phase"' Tetrahvm ena 
c u l t u r e  i n t o  a 50 ml v o lu m e t r i c  f l a s k  and l e t  i t  s ta n d  30-60 min to  
a l lo w  th e  c i l i a t e s  to  m ig r a te  upward. I  th e n  g e n t ly  l a y e r e d  
a p p ro x im a te ly  1 ml P r in g s h e im 's  s o l u t i o n  o n to  th e  c u l t u r e  medium.
A f te r  30 min I  could  remove a dense s u s p e n s io n  and feed  i t  d i r e c t l y  to  
t h e  h y p o t r i e h s .
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I  a l s o  c u l tu r e d  P l e u r o t r i c h a  l a n c e o l a t a  w i th  Tetrahvm ena as  a  food 
o rg an ism , b u t  due to  th e  a p p a r e n t ly  ex tre m e  t o x i c i t y  o f  p ro te o s e  
p ep tone  f o r  t h i s  h y p o t r i c h ,  i t  was n e c e s s a r y  t o  use a n o th e r  method f o r  
g ro w in g  th e  Tetrahvm ena. I  p rep a red  a Cerophyl (Cerophyl C o rp o ra t io n ,  
Kansas C i ty ,  M is s o u r i )  i n f u s i o n  by th e  Sonneborn (1970) method. I  
b o i l e d  2.5 gm d e h y d ra te d  c e r e a l  l e a v e s  f o r  5 min in  1 l i t e r  o f  18 
megohm d i s t i l l e d  w a te r  w i th  0.7 gm Na2 HPO^, f i l t e r e d  th e  r e s u l t i n g  
s o l u t i o n ,  t r a n s f e r r e d  i t  i n  100 ml vo lum es to  250 ml E r len m ey e r  f l a s k s ,  
s to p p e r e d  them w i th  foam, and a u to c la v e d  them a t  121° C f o r  15 t o  20 
min. When th e  medium was coo l I  added T etrahvm ena and s to r e d  th e  
c u l t u r e  a t  20° C. When ad e q u a te  numbers o f  Tetrahvm ena were p r e s e n t  
( s u b j e c t i v e  o b s e r v a t io n ) ,  I  mixed th e  c u l t u r e  1:1 w i th  a  c l e a n  
s u s p e n s io n  o f  P l e u r o t r i c h a  l a n c e o l a t a  i n  P r in g s h e im 's  s o l u t i o n .
I  m a in ta in e d  a l l  c u l t u r e s  i n  a p r i m a r i l y  t r o p h i c  c o n d i t i o n  by 
p e r i o d i c  r e p la c e m e n t  o f  50% o r  more o f  th e  c u l t u r e  medium w i th  e i t h e r  
f r e s h  P r in g s h e im 's  s o l u t i o n  o r  f i l t e r e d  s e a  w a te r .
I n d u c t io n  o f  Excystm en t and Encystm ent
I n  10 o f  th e  11 s p e c i e s  c o n s id e re d  (T. s a l t a n s  a p p a r e n t ly  does n o t  
form c y s t s )  I  induced  e x c y s tm e n t  as  f o l l o w s :  I  added f r e s h
P r in g s h e im 's  s o l u t i o n  t o  e n c y s te d  c e l l s  ( in  bo th  o r i g i n a l  l i c h e n  
c o l l e c t i o n s  and e s t a b l i s h e d  c u l t u r e s ) .  To t h i s  I  added a s p l i t  pea and 
2-3  1" p i e c e s  o f  d r i e d  Timothy hay s t a l k .  Excystm ent t y p i c a l l y  
o c c u r r e d  w i t h i n  1-3 days. I  found t h a t  by d ry in g  c y s t s  o f  0. 
o u a d r l n u c l e a t a  and XL. a f f i n e  ( l i c h e n  d w e l l e r s  which would be s u b j e c t  to  
p e r i o d i c  d ry in g  i n  n a t u r e )  p r i o r  to  in d u c t io n  o f  ex cy s tm en t,  I  o b ta in e d  
h ig h e r  p e r c e n ta g e s  o f  e x cy s tm en t  th a n  I  observed  f o r  u n d r ie d  c y s t s .  In  
o t h e r  fo rm s ,  I  n o ted  no o b s e rv a b le  d i f f e r e n c e .  I  o f t e n  added
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Tetrahvm ena w i th  th e  o t h e r  m a t e r i a l s  to  0, f a l l a x .  S. p u s t u l a t a ,  and 
P a r a u r o s tv l a  3p. c u l t u r e s .  While t h i s  had no a p p a re n t  e f f e c t  on 
p e rc e n ta g e  o r  r a t e  o f  ex cy s tm en t,  dense c u l t u r e s  w ere produced more 
r a p id l y ,  p resum ably  due to  th e  im m e d ia te ly  a v a i l a b l e  food organ ism  to  
th e  newly e x c y s te d  h y p o t r i e h s .
I  i n i t i a t e d  p ro d u c t io n  o f  c y s t s  f o r  s u b se q u e n t  s tu d y  o r  c u l tu r e  
s to r a g e  i n  th e  s p e c ie s  w hich were fe d  T etrahvm ena by w i th o ld in g  food. 
E ncystm ent o c c u r re d  w i t h i n  1-3 days o f  th e  l a s t  f e e d in g .  C u ltu re s  o f  
0. a u a d r i n u c l e a t a  and th e  b a c t iv o ro u s  h y p o t r i e h s  w ere n o t  renewed w ith  
f r e s h  c u l t u r e  medium. The d e c re a se  i n  a v a i l a b l e  food  r e s u l t e d  in  
en cy s tm en t ,  a l th o u g h  t h i s  te c h n iq u e  u s u a l l y  to o k  lo n g e r ,  w i th  5-7  days 
t y p i c a l l y  b e in g  r e q u i r e d  to  produce l a r g e  numbers o f  c y s t s .  Complete 
e n cy s tm en t  o f  th e s e  c u l t u r e s  o f t e n  took  as lo n g  as  4 weeks.
L ig h t  M icroscopy
I  perfo rm ed  a l l  l i g h t  m icroscopy and ph o to m ic ro g rap h y  w ith  a 
d i s s e c t i n g  s t e r e o m ic r o s c o p e  o r  a compound m ic ro sco p e  w i th  a t t a c h e d  
a u to m a t ic  cam era.
O b se rv a t io n  o f  l i v i n g  c e l l s  f o r  d e t e r m in a t io n  o f  c o r t i c a l  
s t i f f n e s s  and b e h a v io r  p reced ed  p r e p a r a t i o n  o f  perm anen t s l i d e s  o r  f o r  
e l e c t r o n  m icroscopy . I  c o n c e n t r a te d  c e l l s  by l i g h t  c e n t r i f u g a t i o n  o r  
m anua lly  v i a  a m i c r o p ip e t t e .  I  p re p a re d  perm anen t s l i d e s  by 2 methods. 
One was a  m o d i f i c a t io n  (B orro r  and Evans, 1979) o f  B o r ro r 's  (1969) 
N ig ro s in -M e rc u r ic  C h lo r id e -F o rm a l in  method u s in g  Champy's f l u i d  as a 
f i x a t i v e  (15 min.) f o l lo w e d  by adherence  to  a lb u m in iz e d  s l i d e s  and 
c o r t i c a l  s t a i n i n g .  I  a c c o m p lish e d  th e  ad h e re n ce  and s t a i n i n g  in  1 s te p  
w ith  a 1:1 m ix tu re  o f  t - b u t a n o l  and 0.5J (w/v) aqueous n ig r o s in .  I
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found t h a t  a d d i t i o n  o f  1-3 d rops  of g l a c i a l  a c e t i c  a c id  t o  2 ml o f  th e  
a d h e r a n c e - s t a i n  m ix tu re  o f t e n  im proved  th e  s ta in *  p a r t i c u l a r l y  f o r  
h y p o t r i e h s  o v e r  100 um in  le n g th .
The o th e r  s t a i n i n g  p rocedu re  was a  m o d i f i c a t i o n  o f  th e  Bodian 
P r o t a r g o l  te c h n iq u e  (Deroux and T u f f ra u ,  1967; G rim es, 1972; J e r k a -  
D ziadosz and F ra n k e l ,  1969; T u ff rau ,  1967; H i l l ,  1980a). A f te r  
c o n c e n t r a t i o n ,  I  used a m o d i f i c a t io n  o f  P e r e n y i 's  f i x a t i v e  (1* chrom ic 
a c id  w /v , 3 ml; 10% n i t r i c  a c id  v /v ,  8 ml; 95* e th a n o l  v /v ,  0.5 ml; 
d i s t i l l e d  w a te r ,  3 ml; t - b u t a n o l ,  5.5 ml) t o  f i x  and ad h ere  c e l l s  t o  
a lb u m in iz e d  c o v e r  s l i p s .  The t im e  o f  f i x a t i o n  was 3 min. I  th e n  
p assed  co v er  s l i p s  w i th  a t t a c h e d  c e l l s  th ro u g h  th e  f o l l o w i n g  s e r i e s  o f  
s o l u t i o n s :
1. Formol a lc o h o l  (85* e th a n o l v /v ,  9 p a r t s ; 20 min
co m m erc ia l  f o r m a l in ,  1 p a r t )
2. 95* I s o p ro p a n o l 5 min
3. 100* I s o p ro p a n o l  (2x) 5 min each
U. 100* M ethanol 10 min
5. C o llo d io n  (2.8 ml com m ercia l  s o l u t i o n d ip  (2 -3  sec)
i n  7.2 ml methanol)
6. 95*. 70*, 50*, 30*, 15* I so p ro p a n o l 5 m in each
7. D i s t i l l e d  w a te r  (2x) 5 m in each
8. 0.5* p o ta ss iu m  perm anganate  w /v 10 min
9. D i s t i l l e d  w a te r  (2x) 5 min each
10. 5* O x a lic  Acid w /v 10 min
11. D i s t i l l e d  w a te r  (2x) 5 min each
12 . 0.2* P r o ta r g o l  w/v a t  70° 20 min
(p re p a re d  d u r in g  s t e p  5)
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13. D i s t i l l e d  w a te r 5 min
14. 1% Hydroquinone, 5% NaSOg w /v u n t i l c o l lo d io n
15. D i s t i l l e d  w a te r  (2x) 5 min each
16. 2% O xalic  a c id  w /v 10 min
17. D i s t i l l e d  w a te r  (2x) 5 min each
18. 5% Sodium T h i o s u l f a t e  w/v 10 min
19. D i s t i l l e d  w a te r  (2x) 5 m in each
20. 15%, 30%, 50%, 70%, 95% Iso p ro p a n o l 5 min each
21. 100% Is o p ro p a n o l  (2x) 5 min each
22. 100% Me th a n o l 10 min
23. 1:1 100% E th an o l:X y len e 10 min
24. Xylene 10 min
25. Mount
T h is  te c h n iq u e  y i e l d e d  e x c e l l e n t  r e s u l t s  w i th  m a rin e  h y p o t r i e h s  
i n c l u d i n g  T,. s a l t a n s ,  b u t  was u s u a l l y  u n s u c c e s s f u l  f o r  f r e s h w a t e r  and 
l i c h e n  d w e l l in g  fo rm s .  An e x c e p t io n  was a s e t  o f  s l i d e s  o f  G. a f f i n e  
w hich , im m e d ia te ly  f o l l o w i n g  p r e p a r a t io n ,  w ere o f  m a rg in a l  q u a l i t y  ( to o  
dark ,  poor d i f f e r e n t i a t i o n  o f  c i l i a r y  s t r u c t u r e ) ,  bu t  o v e r  a p e r io d  o f  
2 y e a r s  e v e n tu a l ly  y i e ld e d  an e x c e l l e n t  s t a i n .
E l e c t r o n  M icroscopy 
I  f i x e d  c e l l s  to  be p re p a re d  f o r  e l e c t r o n  m ic ro sco p y  i n  a 1:1 
m ix tu r e  o f  2.0% osmium t e t r o x i d e  (w/v) and 4% g lu t e r a ld e h y d e  (v /v ) ,  
bo th  i n  S orensen’s b u f f e r .  F i x a t i o n  t im e  f o r  t r o p h i c  c e l l s  was 15 
min w h i le  1 h r  was r e q u i r e d  f o r  ad eq u a te  f i x a t i o n  o f  c y s t s .
F o llo w in g  f i x a t i o n ,  I  d e h y d ra te d  c e l l s  to  be p re p a re d  f o r  SEM (15 
min e a c h  i n  15%, 30%, 50%, 85%, 95%, 100% e t h a n o l ) .  I  t h e n  d r i e d  t h e
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c e l l s  w i th  a SAMDRI carbon  d io x id e  c r i t i c a l  p o in t  d ry in g  a p p a ra tu s ,  
c o a te d  them w i th  a 3.0 X 10-8 m l a y e r  o f  go ld  pa lad ium  (60:40), and 
v iew ed  them w i th  an AMR 1000 sca n n in g  e l e c t r o n  m ic ro sco p e  ( a t  20 kV).
I  embedded f i x e d  c y s t s  f o r  TEM by one o f  two m ethods. In  th e  
f i r s t ,  I  d e h y d ra ted  the  c e l l s  a s  f o r  SEM and passed  them s te p w is e  
th ro u g h  m ix tu re s  (v /v )  o f  1:3, 1:1, 3:1 S p u rr  Low V is c o s i t y  Embedding 
Medium (P o ly s c ie n c e s ,  Inc.):100% e t h a n o l  (1 h r  each  s o lu t i o n ) .  I  
fo l lo w e d  t h i s  w i th  6 h r  i n  100% embedding m edia  and p o ly m e r iz a t io n  a t  
7 0 °  C f o r  a t  l e a s t  16 h r .
The second method o f  p r e p a r a t i o n  f o r  TEM was a m o d i f i c a t i o n  of 
Robbins and J e n tz s c h '3  (1967) method f o r  r a p id  embedding o f  c e l l  
m ono layers  and su s p e n s io n s .  I  p a ssed  f ix e d  c y s t s  th ro u g h  th e  f o l lo w in g  
m ix tu r e s :  20% e t h a n o l ,  60% e t h a n o l  w i th  S p u r r 's  medium r e p l a c i n g  w a te r  
a s  th e  s o lv e n t ,  30% e th a n o l  i n  S p u r r 's  medium (15 min each s o lu t i o n ) .
I  th e n  p la ced  th e  c e l l s  i n  100% embedding medium f o r  1 h r  o r  lo n g e r ,  
p a s se d  them th ro u g h  a second change o f  embedding medium and p o ly m erize d  
them a t  70° C f o r  a t  l e a s t  16 h r .  This  has  th e  advan tage  o f  r a p i d i t y  
o v e r  th e  f i r s t  method and av o id s  th e  use  of h igh  c o n c e n t r a t i o n s  o f  
e t h a n o l  which c o u ld  e x t r a c t  l i p i d s  from th e  c e l l s .  C o n t in u i ty  o f  
medium a c ro s s  th e  c y s t  w a l l  was a l s o  im proved w hich enhanced s e c t i o n i n g  
q u a l i t i e s .
F o llo w in g  embedding, I  c u t  i n d i v i d u a l  c e l l s  from th e  b lo c k  o f  
h a rd en ed  medium and g lu e d  them to  b lank  s tu b s  p rep a re d  i n  BEEM c a p s u le s  
from th e  same medium. I  s e c t io n e d  th e  c y s t s  on a R e ic h e r t  OMU-3 
u l t r a m ic ro to m e  and v iew ed  them w i th  a JEOL 100s t r a n s m i s s i o n  e l e c t r o n  
m ic ro sco p e  ( a t  80 kV). No fe w e r  th a n  4 60-90 nM s e c t i o n s  from each of 
5 o r  more c y s t s  were s t u d i e d .
RESULTS
The naming and num bering  o f  h y p o t r i c h  c i l i a r y  o r g a n e l l e s  i s  an  
i m p e r f e c t  a r t  because  o f  i n t e r s p e c i f i c  and even  i n t r a s p e c i f i c  
v a r i a b i l i t y .  N e v e r th e le s s ,  s p e c i f i c  g roups  o f  c i l i a r y  o r g a n e l l e s  a r e  
d i s t i n g u i s h a b l e .  In  t h i s  s e c t i o n  I  u se  th e  d e s ig n a t io n s  and 
a b b r e v i a t i o n s  l i s t e d  i n  the  I n t r o d u c t i o n  ( see  e s p e c i a l l y  pp. 7-14 and 
Fig^.1 and 3). The k in e to s o m a l  s t r e a k s  w hich produce th e  UM a re  
c o n s id e re d  s e p a r a t e l y  from  th o s e  w h ich  produce th e  F-V-T c i r r i  and a r e  
d e s ig n a te d  EM and PM s t r e a k s  r e s p e c t i v e l y .  K ine tosom al s t r e a k s  w hich  
produce F-V-T c i r r i  and any l o n g i t u d i n a l  c i r r a l  row s a r e  numbered from  
l e f t  to  r i g h t  (I-N ). C i r r i  p roduced  w i t h i n  each s t r e a k  a r e  numbered
from  a n t e r i o r  to  p o s t e r i o r  (1 -n ) .
Bases f o r  i d e n t i f i c a t i o n  o f  s p e c i e s  come from a v a r i e t y  of 
s o u rc e s .  P u b l i c a t i o n s  by Kahl (1932), B o rro r  (1972), and C o r l i s s
(1979) a r e  e s p e c i a l l y  u s e f u l  i n  h y p o t r i c h  i d e n t i f i c a t i o n .  I t  i s  
u s u a l l y  n e c e s s a ry ,  how ever, t o  r e f e r  t o  s p e c i f i c  p u b l i c a t i o n s  
c o n c e rn in g  i n d i v i d u a l  s p e c i e s  f o r  c e r t a i n  i d e n t i f i c a t i o n .  Such 
r e f e r e n c e s  a r e  n o te d  i n  th e  s e c t i o n s  d e a l in g  w i th  th e  r e s p e c t i v e  
h y p o t r i c h  s p e c ie s .
T ro p h o z o i te  M orphology and M orphogenesis 
Group A: O x v tr ich a  and S i m i l a r  G enera
O x y tr ich a  f a l l a x . .0. f a l l a x  (F ig .  4) i s  p ro b a b ly  th e  b e s t
known member o f  th e  O x y tr ic h in a .  I t  was d e s c r ib e d  by v a r io u s  
a u th o r s  (Grimes, 1972; Grim es and A dler ,  1976; Hashimoto, 1961, 1962,
1963), and my o b s e r v a t io n s  a r e  i n  g e n e r a l  ag reem en t w i th  t h e i r
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d e s c r i p t i o n s .  Specimens from 2 p o p u la t i o n s  (B oulder,  C olorado  and 
R o l l i n s f o r d ,  New Hampshire) e x h i b i t e d  th e  m easurem en ts  l i s t e d  i n  T ab les  
3 and 4. Average w id th  (m easured  a t  the  w id e s t  p o in t )  was a p p ro x im a te ly  
1 /2  th e  c e l l  le n g th  i n  bo th  p o p u la t io n s .  The 2 m a c ro n u c le i  a r e  bo th  
a s s o c i a t e d  w i th  1, o r,  i n f r e q u e n t l y ,  2 m ic ro n u c le i .  C e l l s  a re  
f l e x i b l e .  (). f a l l a x  i s  e n c o u n te re d  in  d iv e r s e  f r e s h w a t e r  o r  
t e r r e s t r i a l  h a b i t a t s .
The a d o r a l  zone o f  m em b ran e l le s  r a n g e s  i n  t o t a l  l e n g th  (m easured 
in  f ix e d ,  s t a i n e d  spec im ens  from  th e  a n t e r i o r  end o f  th e  c e l l  to  th e  
p o s t e r i o r  end o f  th e  b u cca l  c a v i ty )  from  a p p ro x im a te ly  35-50* o f  th e  
t o t a l  body le n g th .  The e n d o ra l  and p a r o r a l  membranes e x te n d  from th e  
p o s t e r i o r  end o f  th e  AZM a n t e r i o r l y  ab o u t 2 /3  th e  l e n g th  o f  th e  AZM.
F-V-T c i r r i  ten d  to  be c o n s e r v a t iv e  i n  number. T y p ic a l l y  t h e r e
a r e  8 f r o n t a l ,  5 p o s tb u c c a l ,  and 5 t r a n s v e r s e  c i r r i .  A lthough Grim es
(1972) i n t e r p r e t e d  th e  p o s t e r i o r m o s t  p o s tb u c c a l  c i r r u s  as  a t r a n s v e r s e  
due to  i t s  p ro x im i ty  to  o t h e r  t r a n s v e r s e  c i r r i ,  i t  was c l e a r l y  s e p a r a t e  
from  th e  5 t r a n s v e r s e  c i r r i  i n  b o th  o f  my p o p u la t io n s ,  and th e r e f o r e  
coun ted  w i th  th e  p o s tb u c c a ls .  D eve lopm en ta l  i n f o r m a t io n  a l s o  s u p p o r t s  
i t s  i n c l u s i o n  i n  th e  l a t t e r  group. I  o b se rv ed  some v a r i a t i o n  i n  
f r o n t a l  and p o s tb u c c a l  c i r r a l  number i n  th e  B ou lde r s t r a i n .
W ith o u t e x c e p t io n ,  b o th  s t r a i n s  e x h i b i t e d  s i n g l e  l e f t  and r i g h t
m a rg in a l  row s o f  c i r r i .  The r i g h t  m a rg in a l  row e x te n d s  from  a p o i n t  a t
th e  r i g h t  a n t e r i o r  m arg in  o f  th e  c e l l  to  th e  p o s t e r i o r  end. The l e f t  
m a rg in a l  row ex ten d s  from a p o i n t  l a t e r a l  to  th e  p o s t e r i o r  end o f  th e  
AZM to  th e  p o s t e r i o r  end o f  th e  AZM to  th e  p o s t e r i o r  end o f  th e  c e l l  
and t y p i c a l l y  c o n ta in s  fe w e r  c i r r i  th a n  th e  r i g h t  m a rg in a l  row. The 
m a rg in a l  rows appear a lm o s t  c o n t in u o u s  p o s t e r i o r l y  i n  b o th  p o p u la t io n s .
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D orsa l c i l i a t u r e  i n  .0. f a l l a x  c o n s i s t s  o f  6 rows o f  d o r s a l  
b r i s t l e s  and 3 f l e x i b l e  cauda l c i r r i .  No e x c e p t io n s  appeared  i n  e i t h e r  
p o p u la t io n .
C o r t i c a l  changes  a s s o c i a t e d  w i th  c e l l  d i v i s i o n  i n  .0. f a l l a x  (F ig . 
5) b eg in  w i th  th e  e l a b o r a t i o n  o f  k in e to so m es  i n  c lo s e  p ro x im i ty  to  th e  
l e f t  t r a n s v e r s e  c i r r u s .  These p r o l i f e r a t e  a n t e r i o r l y  to  a t y p i c a l ,  
t r i a n g u l a r ,  p o s tb u c c a l ,  a n a r c h ic  f i e l d  o f  k in e to so m e s ,  th e  o p i s th e  o r a l  
prim ordium . AZM deve lopm en t i n  th e  o p i s th e  r e s u l t s  from the  
p r o l i f e r a t i o n  and m i g r a t i o n  o f  k in e to so m es  i n  t h i s  f i e l d  to  form 
o r d e r ly  a r r a y s  o f  m em b ran e l le s  (F ig .  5b). The p a r e n t a l  AZM i s  r e t a i n e d  
as  th e  AZM o f  th e  p r o t e r  w i th  l i t t l e  o r  no d i f f e r e n t i a t i o n .
The u n d u la t in g  membrane o f  th e  o p i s t h e  a r i s e s  i n  c lo s e  a s s o c i a t i o n  
w i th  th e  o p i s t h e  o r a l  prim ordium  and d ev e lo p s  from  a  narrow , e lo n g a te  
prim ordium  s e v e r a l  k in e to so m e s  w ide  to  2 s t r e a k s  from w hich th e  p a r o r a l  
and e n d o ra l  membranes a r e  formed. In  t h e  p r o t e r  th e  p a r e n t a l  DM 
d e d i f f e r e n t i a t e s  and DM prim ord ium  d e v e lo p s  from  i t s  c o n s t i t u e n t  
k ine to som es .  EM and PM s t r e a k s  a r e  produced by s p l i t t i n g  o f  th e  DM 
prim ordium  as  i n  th e  o p i s th e .  In  b o th  p r o t e r  and o p i s t h e  a s i n g l e  
c i r r u s ,  th e  p a r o r a l  c i r r u s ,  i s  e l a b o r a te d  from t h e  a n t e r i o r  end o f  th e  
p a r o r a l  s t r e a k .
D e d i f f e r e n t i a t i o n  o f  f r o n t a l  c i r r i  12, 112, and I I I 1  p ro v id e s  
k in e to so m es  from  w hich  th e  5 f r o n t a l  c i r r a l  s t r e a k s  a r e  produced (Fig, 
5c). These s t r e a k s  p r o l i f e r a t e  and d eve lop  i n t o  th e  F-V-T system  of 
the  p r o t e r .  O p is th e  F-V-T c i r r i  a r e  produced i n  a s i m i l a r  f a s h io n  
f o l lo w in g  th e  d e d i f f e r e n t i a t i o n  o f  p o s tb u c c a l  c i r r i  I I I 2  and IV1. 
Although Grim es (1972) was u n c e r t a in  ab o u t th e  c o n t r i b u t i o n  of 
p o s tb u c c a l  c i r r u s  IV2, i t  d id  n o t  ap p ea r  to  d e d i f f e r e n t i a t e  i n  e i t h e r
31
o f  my p o p u la t io n s  and th u s  may be assumed n o t  to  have c o n t r i b u t e d  
k in e to so m es  to  the  deve lopm en t o f  o p is th e  F-V-T c i r r a l  s t r e a k s .  In  
a d d i t i o n ,  f r o n t a l  c i r r i  11, I I I ,  I I I 1 ,  and V1 and V2 p o s tb u c c a l  c i r r i  
IV3 and V3, and th e  t r a n s v e r s e  c i r r i  a p p a re n t ly  do no t  c o n t r i b u t e  
k in e to so m e s  to  th e  d e v e lo p m en ta l  p ro c e s s  and a r e  r e s o rb e d  s h o r t l y  a f t e r  
th e  c o n c lu s io n  o f  c e l l  d iv i s io n .
Development o f  F-V-T c i r r a l  s t r e a k s  fo l l o w s  a s p e c i f i c  p a t t e r n  i n  
0, f a l l a x  (Fig. 5) and o th e r  members o f  t h i s  group ( th o s e  r e s e m b l in g  0. 
f a l l a x .  As a l r e a d y  s t a t e d ,  th e  p a r o r a l  c i r r u s  d e v e lo p s  from  th e  
a n t e r i o r  end o f  th e  PM s t r e a k .  F r o n ta l  c i r r i  11 and 12 and t r a n s v e r s e  
c i r r u s  13 develop  from th e  l e f t m o s t  o f  th e  5 f r o n t a l  s t r e a k s  ( s t r e a k  
I ) .  S t r e a k  I I  p roduces  f r o n t a l s  111 and 112 and t r a n s v e r s e  113.
S t r e a k s  I I I  and IV m i g r a t e  p o s t e r i o r l y  (F ig . 5e) w i th  r e s p e c t  t o  the  
o t h e r  f r o n t a l  s t r e a k s  and a r e  in v o lv e d  p r i m a r i l y  i n  th e  p r o d u c t io n  o f  
p o s tb u c c a l  and t r a n s v e r s e  c i r r i .  S t r e a k  I I I  p roduces  f r o n t a l  I I I 1 ,  
p o s tb u c c a l  I I I 2 ,  and t r a n s v e r s e  I I I 3 5 w h ile  s t r e a k  IV y i e l d s  p o s tb u c c a l  
V II ,  VI2, and VI3 and t r a n s v e r s e  VI4. S t r e a k  V p roduces  f r o n t a l s  V1 
and V2, p o s tb u c c a l  V3, and t r a n s v e r s e  V4. Grimes (1972) d e m o n s t r a te d  
t h a t  some v a r i a t i o n  i n  t h i s  scheme may occu r  n a t u r a l l y ,  p a r t i c u l a r l y  i n  
r e g a r d  t o  p ro d u c t io n  o f  e x t r a  c i r r a l  p r im o rd ia  w hich may o r  may n o t  be 
r e s o rb e d  p r i o r  to  th e  end of d iv i s i o n .  This  v a r i a b i l i t y  a l l o w s  f o r  th e  
i n f r e q u e n t  o ccu rren c e  o f  e x t r a  F-V-T c i r r i  i n  th e  m a tu re  c e l l .  
N e v e r th e le s s ,  s p e c i f i c  c i r r i  do n o rm a l ly  develop  from s p e c i f i c  s t r e a k s  
i n  a f a s h io n  which i s  h ig h ly  conserved  in  O x v t r ic h a - l i k e  g en e ra .
M arg ina l  c i r r a l  s t r e a k s  a r e  produced in  both  p r o t e r  and o p i s t h e  by 
d e d i f f e r e n t i a t i o n  and p r o l i f e r a t i o n  o f  k in e to so m es  w i t h i n  th e  p a r e n t a l  
m a rg in a l  rows (F igs .  5 c -e ) .  Development o f  d o r s a l  c i l i a t u r e  (F ig . 5f)
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o c c u rs  as  d e s c r ib e d  i n  th e  i n t r o d u c t i o n :  th e  3 l e f t m o s t  rows (1, 2,
and 3) produce s t r e a k s  o f  k in e to so m es  th ro u g h  d e d i f f e r e n t i a t i o n  o f  
p a r e n t a l  d o r s a l  b r i s t l e s .  S t r e a k  1 s p l i t s  to  produce 2 s e p a r a t e  
s t r e a k s  (3 and 4). The 2 r ig h tm o s t  s t r e a k s  (5 and 6) a r e  produced  in  
c l o s e  p r o x im i ty  to  th e  r i g h t  m a rg in a l  row and p r o l i f e r a t e  p o s t e r i o r l y  
to  produce d o r s a l  b r i s t l e  rows 5 and 6. Caudal c i r r i  a r e  produced  a t  
th e  p o s t e r i o r  ends o f  d o r s a l  s t r e a k s  1, 2, and
O x v tr ic h a  a u a d r i n u c le a ta .  Members o f  K ah l 's  (1932) subgenus 
S t e l n i a .  o f  w h ich  CL a u a d r i n u c l e a t a  i s  a member, a r e  d i s t i n g u i s h e d  by a 
h y p e r t ro p h ie d  p a r o r a l  membrane. PM c i l i a  i n c r e a s e  i n  l e n g th  and number 
a n t e r i o r l y  and th e  membrane fo rm s  a d i s t i n c t i v e l y  hooked a n t e r i o r  
b o rd e r  t o  th e  b u c c a l  c a v i t y  (F ig .  6a). No EM i s  v i s i b l e  i n  e i t h e r  
N ig ro s in  s t a i n e d  c e l l s  o r  th o se  p re p a re d  f o r  SEM. C e l l s  a r e  f l e x i b l e .  
P o s s e s s io n  o f  4 m a c ro n u c le i  i s  d i a g n o s t i c  o f  th e  s p e c i e s .  There a re  
u s u a l l y  2, som etim es  3, m ic ro n u c le i  u s u a l l y  a s s o c i a t e d  w i th  m a c ro n u c le i  
1 and 3 (c o u n t in g  from a n t e r i o r  t o  p o s t e r i o r ) .  O th e rw ise  th e  s p e c ie s  
c l o s e l y  r e s e m b le s  .0. f a l l a x .  M easurem ents  a r e  g iv e n  in  T ab le  5.
F r o n ta l ,  p o s tb u c c a l ,  and t r a n s v e r s e  c i r r i  a r e  h ig h ly  c o n s e r v a t iv e  
i n  number (8, 5, 5 r e s p e c t i v e l y ) ,  as a r e  numbers o f  l e f t  and r i g h t  
m a rg in a l  row s (1 and 1). P o s se s s io n  o f  3 f l e x i b l e  c a u d a l  c i r r i  i s  th e  
r u l e ,  a l th o u g h  1 c e l l  was found w hich had on ly  one. A nother c e l l  had a 
4 th  c a u d a l  c i r r u s  i n  a somewhat more d o r s a l  th a n  u s u a l  p o s i t i o n .  This 
c i r r u s  may have been a r e l i c t  o f  the  p re v io u s  g e n e r a t io n .  The 6 d o r s a l  
k i n e t i e s  a r e  a l ig n e d  i n  a f a s h io n  s i m i l a r  to  t h a t  e n c o u n te re d  i n  0. 
f a l l a x  ( F ig .  6b).
D iv is io n  i n  0, o u a d r in u c l e a t a  (F ig . 6 c - f )  p ro ceed s  a lm o s t  
p r e c i s e l y  as  i n  0, f a l l a x .  The o p i s th e  o r a l  p r im o r d i a l  f i e l d  fo rm s
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(F ig .  6c) i n  a s i m i l a r  manner ( a l b e i t  no t  i n  p ro x im i ty  to  the  
t r a n s v e r s e  c i r r i ) ;  th e  F-V-T c i r r a l  s t r e a k s  d ev e lo p  from th e  
d e d i f f e r e n t i a t i o n  o f  th e  same p a r e n t a l  c i r r i  ( f r o n t a l s  6. 7. and 8 i n  
th e  p r o t e r ,  and p o s tb u c c a ls  1 and 2 i n  th e  o p i s th e ) .  P o s tb u c c a l  c i r r u s  
3 (F ig . 6d, e) i s  c l e a r l y  n o t  in v o lv e d  i n  th e  d e d i f f e r e n t i a t i v e  
a c t i v i t y  le a d in g  to  th e  developm ent o f  o p i s t h e  F-V-T s t r e a k s .  F u r th e r  
F-V-T c i r r a l  developm ent o c u r r s  as  i n  0. f a l l a x  i n  a l l  d e t a i l s ,  
in c lu d in g  d i f f e r e n t i a t i o n  o f  s p e c i f i c  s t r e a k s  to  th e  same s p e c i f i c  
c i r r i .  M arg ina l ,  d o r s a l ,  and cau d a l  c i l i a t u r e  a r e  formed as i n  0. 
f a l l a x  a s  w e l l .
The e n d o ra l  membrane, n o t  v i s i b l e  i n  n o n -d iv id in g  c e l l s ,  i s  
p roduced  a t  l e a s t  f l e e t i n g l y  d u r in g  d i v i s i o n ,  and can be seen  i n  both  
n i g r o s i n  s t a i n e d  c e l l s  and w i th  SEM (F ig . 6 f ). W hether t h i s  membrane 
i s  r e s o r b e d  o r  m e re ly  ob scu red  a f t e r  d i v i s i o n  i s  n o t  known.
O x y tr ic h a  s i m i l i s . Q. s i m i l i s  (F ig . 7) i s  a s m a l l  (< 100 pm, x = 
88 jim), f l e x i b l e ,  e lo n g a te  (2-3x  a s  lo n g  as  w ide) h y p o t r i c h  from 
f r e s h w a te r .  M easurem ents  a r e  g iv e n  i n  Table 6. There a r e  2 
m a c ro n u c le i  and 2, o r  o c c a s i o n a l l y  4, m ic r o n u c le i .
The AZM ra n g e s  from about 1/3 t o  1 /2  o f  t o t a l  body le n g th  and i s  
b o rd e re d  on th e  r i g h t  by a r a i s e d  RBO c r e s t e d  by a  s h o r t  PM (F ig . 7c).
A c o r r e s p o n d in g ly  s h o r t  EM i s  l o c a t e d  deep i n  th e  bu cca l  c a v i ty .  
M em b ran e lla r  c i l i a  (F ig .  7c, MC) a re  s h o r t  and in c o n sp icu o u s .
A l l  c e l l s  o bserved  had 8 f r o n t a l ,  5 p o s tb u c c a l ,  and 5 
t r a n s v e r s e  c i r r i ,  i n  a d d i t i o n  to  s i n g l e  l e f t  and r i g h t  m a rg in a l  c i r r a l  
row s. D o rsa l  c i l i a t u r e  (F ig . 7b) i s  s i m i l a r  to  t h a t  i n  0, f a l l a x . The 
3 f l e x i b l e  cau d a l  c i r r i  a r e  som etim es ,  bu t n o t  a lw ays , n o t i c e a b ly  
lo n g e r  th a n  th e  m a rg in a l  c i r r i .
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M orphogenetic  a c t i v i t y  d u r in g  d i v i s i o n  (F ig . 7d) r e s u l t s  i n  
e l a b o r a t i o n  o f  5 somewhat d ia g o n a l ly  s i t u a t e d  f r o n t a l  s t r e a k s .  
Development o f  th e s e  s t r e a k s  to  F-V-T c i r r i  o ccu rs  a s  i n  0. f a l l a x  as  
does developm ent o f  a l l  s o m a t ic  c i l i a t u r e .
S tv lo n v c h ia  p u 3 tu l a t a .  S. p u s t u l a t a  i s  a m ed ium -s ized  h y p o t r i c h  
ra n g in g  i n  le n g th  from 101 pm -  121 pm. I t s  more o r  l e s s  p a r a l l e l  
s i d e s  d i s t i n g u i s h  i t  from th e  o th e r  common member o f  th e  genus, S, 
m y t i l u s . Both a re  f r e s h w a t e r  form s w i th  s t i f f  c o r t i c e s  and s t i f f  
c a u d a l  c i r r i .  F ixed  and mounted spec im ens  from my p o p u la t io n  had  a n  
av e ra g e  L:W r a t i o  o f  1.78. This  f i g u r e  i s  somewhat lo w e r  th a n  m ig h t  be 
e x p e c te d  due to  ten d en cy  tow ard  l a t e r a l  b u lg in g  under c o v e r s l i p  
p r e s s u r e .  The BCL:L r a t i o  averaged  .52. My sp ec im en s  i n v a r i a b l y  
p o s s e s s e d  2 m a c ro n u c le i .  There a re  t y p i c a l l y  2 m ic r o n u c le i ,  1 
a s s o c i a t e d  w i th  each m acronuc leus , a l th o u g h  4 m ic r o n u c le i  w ere  
en c o u n te re d  i n  1 spec im en . M easurem ents a r e  g iv e n  i n  T ab le  7.
The o r a l  a r e a  o f  S. p u s tu l a t a .  a s  i n d i c a t e d  by th e  BCL:L r a t i o  
(see  above) i s  h igh .  The AZM i t s e l f  i s  i n  no way h y p e r t r o p h ie d  o r  
f l a r e d  l a t e r a l l y  as  i s  o f t e n  th e  case  i n  S. m v t i lu 3 ,  bu t  e x te n d s  to  
a p p ro x im a te ly  th e  m id d le  of th e  c e l l .  The UM o c c u p ie s  a p p ro x im a te ly  
2 /3  o f  th e  d i s t a n c e  from  i t s  o r i g i n  a t  th e  apex o f  th e  b u cca l  c a v i t y  t o  
th e  a n t e r i o r  end o f  the  c e l l .
F-V-T c i r r i  a r e  c o n s e r v a t iv e  i n  number w i th  8 f r o n t a l ,  5 
p o s tb u c c a l ,  and 5 t r a n s v e r s e  c i r r i  be ing  th e  norm a l th o u g h  c e l l s  w i t h  9 
(o r  i n  1 case  10) f r o n t a l  c i r r i  were en co u n te red .  T y p ic a l  p la c e m e n t  o f  
th e s e  c i r r i  i s  d e p ic te d  i n  F ig u re s  8a and 8b.
S. p u s t u l a t a  has  s i n g l e  rows o f  l e f t  and r i g h t  m a rg in a l  c i r r i .
The r i g h t  row t y p i c a l l y  c o n ta in s  more c i r r i  (26-37) th a n  th e  l e f t  (2 2 -
35
26). Both rows ex tend  a lm o s t  to  th e  p o s t e r i o r  end o f  th e  c e l l .
There a re  6 rows o f  d o r s a l  b r i s t l e s  and 3 s t i f f  cau d a l c i r r i ,  s h o r t e r  
th a n  th o se  o f  S. m v t i lu s .
C o r t i c a l  e v e n ts  a s s o c i a t e d  w i th  m o rp h o g en e t ic  a c t i v i t y  r e p o r te d  by 
S ap ra  and Dass (1970) and G rim es (1972) w ere v e r i f i e d  i n  t h i s  s tu d y .  
Developm ent, in c lu d in g  s t r e a k  f o r m a t io n  and dep loym ent as  w e l l  as  
e v e n tu a l  p lacem en t o f  c i l i a t u r e  on b o th  d o r s a l  and v e n t r a l  s u r f a c e s ,  i s  
s i m i l a r  to  t h a t  en co u n te re d  i n  0. f a l l a x  (F ig s .  8b-d).
Tachvsoma s p . (F ig s .  9a, 10a) i s  a  s a l t  m arsh d w e l l in g  h y p o t r i c h  
r a n g in g  i n  le n g th  from 29-40 i^m (x = 34 jum). The b u cca l  c a v i ty  and AZM 
occupy a p p ro x im a te ly  1/3 o f  th e  l e n g th .  The L:W r a t i o  i s  low (x =
1.8). The c o r t e x  i s  f l e x i b l e .  There  a r e  u s u a l l y  2 m a c ro n u c le i ,  
a l th o u g h  4 a re  no t  uncommon (F ig . 10a) and 1 c e l l  w i th  8 was 
e n c o u n te re d .  M ic ro n u c le i  a r e  d o r s a l  to  t h e  m a c ro n u c le i ,  th u s  th e y  a re  
d i f f i c u l t  to  coun t i n  p r o t a r g o l  s t a i n e d  sp ec im en s  bu t 2 seemed to  be 
t y p i c a l .  M easurem ents a r e  g iv e n  i n  T ab le  8.
The AZM co u rse s  around  th e  a n t e r i o r  end o f  th e  c e l l ,  around th e  
a n t e r i o r  l e f t  s id e ,  and c o n t in u e s  t o  cu rv e  s h a r p ly  in w ard  to  a p o in t  
n e a r  th e  m id l in e  o f  the  body. T h is  i s  i n  c o n t r a s t  to  most o f  th e  o th e r  
s p e c ie s  d i s c u s s e d  in  t h i s  p a p e r  and i s  e s p e c i a l l y  n o t i c e a b l e  i n  l i v i n g  
spec im ens ,  g iv in g  them a somewhat c e p h a l i z e d  appearance . The b a se s  o f  
PM and EM a re  w e l l  s e p a r a t e d  from  th e  apex  o f  th e  AZM and b u c c a l  c a v i ty  
b u t  ex ten d  fo rw ard  a lm o s t  to  th e  a n t e r i o r  t e rm in u s  o f  th e  c e l l .
The 8 f r o n t a l  and 5 ( o c c a s i o n a l l y  6) p o s tb u c c a l  c i r r i  a r e  a r ra n g e d  
much as i n  O x v tr ich a  o r  S tv lo n v c h ia .  A lo n e  c i r r u s  i n  th e  p o s tb u c c a l  
r e g io n  n e a r  th e  l e f t  m arg in  o f  th e  c e l l  (F ig . 9) p roves
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m o rp h o g e n e t ic a l ly  to  be 1 o f  th e  t r a n s v e r s e  c i r r i ,  th e  o t h e r  4 o f  which 
a re  s i t u a t e d  more t y p i c a l l y .
There a re  s i n g l e  row s o f  l e f t  and r i g h t  m a rg in a l  c i r r i  w hich end 
p o s t e r i o r l y  w e l l  ahead o f  th e  p o s t e r i o r  end o f  the  c e l l .
There a re  3 d o r s a l  rows o f  lo n g  c i l i a .  T h e ir  a r ra n g e m e n t  can  be 
c o n fu s in g ,  however, due to  th e  wide s p a c in g  and low numbers o f  c i l i a  
(3-5) i n  a row and because  p o r t i o n s  o f  some p a r e n t a l  row s a re  
a p p a r e n t ly  r e t a i n e d  a f t e r  c e l l  d i v i s i o n .  The f r e q u e n t  r e s u l t  i s  a c e l l  
w i th  abou t 12-16 s eem in g ly  s c a t t e r e d  long ,  d e l i c a t e  d o r s a l  c i l i a .
There a re  2 cau d a l  c i r r i .
D e d i f f e r e n t i a t i o n  o f  th e  i s o l a t e d  t r a n s v e r s e  c i r r u s  1 i s  th e  f i r s t  
i n d i c a t i o n  o f  b eg in n in g  d iv i s i o n .  K ine tosom es from t h i s  r r u s  
a p p a r e n t ly  p ro v id e  th e  i n i t i a l  b a s i s  f o r  th e  o p is th e  o r a l  prim ord ium  
(F ig s .  10a, b). The UM s t r e a k  a r i s e s  a d j a c e n t  to  th e  d e v e lo p in g  
o p i s th e  AZM. In  th e  p r o t e r  th e  p a r e n t a l  AZM i s  r e t a i n e d  and th e  UM 
d e d i f f e r e n t i a t e s  (F ig s .  10b, c) and r e d i f f e r e n t i a t e s  i n  s i t u  as i s  
t y p i c a l  i n  th e  O x y tr ic h in a .
T, jyj, p roduces  f r o n t a l  c i l i a r y  p r im o r d ia  i n  a manner once th o u g h t  
to  be un ique among th e  O x y tr ic h in a  (C u lbe rson , 1979). Hemberger (1982) 
showed t h a t  th e  p ro c e s s  i s  common, a t  l e a s t  i n  c e r t a i n  s o i l  d w e l l in g  
h y p o t r ic h s .  A s i n g l e  l a t i t u d i n a l  zone o f  5 f r o n t a l  s t r e a k s  i s  produced 
i n i t i a l l y  i n  th e  a n t e r i o r  1/3 o f  th e  v e n t r a l  s u r f a c e  o f  th e  c e l l  (F ig s .  
10b-d). F r o n ta l  c i r r i  12, 112, I I I 1 ,  and V2, as w e l l  as  p o s tb u c c a l  
c i r r i  I I I 2 ,  IV1 and IV3 a p p a r e n t ly  p a r t i c i p a t e  i n  th e  f o r m a t io n  o f  
th e s e  s t r e a k s  by d e d i f f e r e n t i a t i o n  and c o n t r i b u t i o n  o f  k in e to so m es .  As 
th e s e  s t r e a k s  deve lop , th e y  f i r s t  assume a d ia g o n a l  a r ra n g e m e n t  (F ig . 
10d), which soon changes  to  th e  l o n g i t u d i n a l  p a t t e r n  t y p i c a l  o f  th e
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O x y tr ic h in a .  As th e  s t r e a k s  a t t a i n  l o n g i t u d i n a l  o r i e n t a t i o n ,  th e y  
beg in  to  d iv id e  l a t i t u d i n a l l y  (F ig .  10e), b eg in n in g  w i th  s t r e a k  1, th e  
r i g h t  s t r e a k ,  and p ro c e e d in g  tow ard  th e  l e f t  s i d e  o f  th e  c e l l .  A f te r  
th e  p r o t e r  and o p i s th e  f i e l d s  a r e  s e p a r a t e ,  deve lopm ent p roceeds  as  i n  
0. f a l l a x  (F ig s .  10f-h) w i th  a s i n g l e  e x c e p t io n .  T ran sv e rse  c i r r u s  13 
moves i n t o  a  r i g h t  l a t e r a l ,  p o s tb u c c a l  p o s i t i o n  w here i t  c e a se s  i t s  
m ig r a t i o n ,  n o t  accom panying th e  o t h e r  t r a n s v e r s e  c i r r i  to  th e  p o s t e r i o r  
p o r t i o n  o f  th e  v e n t r a l  s u r f a c e .
R ig h t m a rg in a l  c i r r i  d ev e lo p  i n  a p a t t e r n  s i m i l a r  to  t h a t  s e t  by 
th e  f r o n t a l  c i l i a t u r e .  A s i n g l e  l a t i t u d i n a l  s t r e a k  i s  form ed i n i t i a l l y  
(F ig . 10e) and l a t e r  s e p a r a t e s ,  i n  c o o r d in a t io n  w i th  th e  l e f t  to  r i g h t  
s e p a r a t i o n  o f  th e  f r o n t a l  s t r e a k s ,  i n t o  p r o t e r  and o p i s th e  r i g h t  
m a rg in a l  s t r e a k s .  P r o t e r  and o p i s th e  l e f t  m a rg in a l  s t r e a k s  a r i s e  
s e p a r a t e l y  as  i s  t y p i c a l  f o r  th e  O x y tr ic h in a .
The 3 row s o f  d o r s a l  c i l i a  d eve lop  from s e p a r a t e  " in  row" 
p ro d u c t io n  o f  k in e to s o m a l  s t r e a k s  i n  both  p r o t e r  and o p i s th e .  The 2 
cau d a l  c i l i a  b o th  d ev e lo p  a t  th e  end o f  th e  l e f t  d o r s a l  s t r e a k  (F ig . 
1 0 e ) .
Gonostomum a f f i n e . Shape, r e f l e c t e d  by L/W r a t i o ,  i s  h ig h ly  
v a r i a b l e  i n  f i x e d ,  mounted sp ec im en s  o f  G. a f f i n e .  This  c o n c lu s io n  i s  
su p p o r te d  by o b s e r v a t i o n  o f  l i v i n g  c e l l s  i n  c u l t u r e .  C e l l s  s tu d ie d  
ranged  i n  l e n g th  from  35 jum -  61 pm (x = 51.3 pm) and L/W r a t i o s  v a r i e d  
fro m  2 .1 -4 .3  (x  = 3 .1 ) .  BCL/L r a t i o s  (x  = .5) t e n d e d  t o  v a r y  ( .4 1 - .6 6 )  
i n v e r s e l y  w i th  c e l l  l e n g th ,  lo n g e r  c e l l s  h av in g  lo w er  BCL/L r a t i o s ,  a  
r e f l e c t i o n  o f  r e l a t i v e l y  c o n s i s t e n t  BCL/L l e n g th  (x = 25.5 pm). The 
c o r te x  i s  r e l a t i v e l y  f l e x i b l e .  There a r e  2 m acro - and 2 m ic ro n u c le i .  
M easurem ents  a r e  g iv e n  i n  Table 9.
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The AZM o f  G. a f f i n e  d i f f e r s  in  s e v e r a l  a s p e c t s  from th e  " ty p ic a l "  
o x y t r i c h i n e  AZM. There i s  a d i s t i n c t  " c o l l a r "  p o r t i o n  (F ig s .  11a, 12a, 
b) w i th  n o t i c e a b ly  e n la rg e d  m em branelles .  The " la p e l "  p o r t i o n  o f  th e  
AZM c u rv es  on ly  s l i g h t l y  around th e  a n t e r i o r  l e f t  1 /3 -1 /2  of the  c e l l  
and, i n  SEM m ic ro g ra p h s  (Fig. 12a), seems to  end l a t e r a l l y .  
P h o to m ic ro g rap h s  (F ig . 12b) r e v e a l  t h a t  a t  t h i s  p o in t  the  AZM c o u rse s  
s h a r p ly  in w ard  and p a s s e s  benea th  th e  v e n t r a l  s u r f a c e  to  a  p o in t  n ea r  
th e  i n t e r i o r  m id l in e  o f  th e  c e l l .
The p a r o r a l  membrane o f  £ . a f f i n e  i s  a l s o  a t y p i c a l .
I n t e r p h a s e  c e l l s  from  my p o p u la t io n  p o s s e s s  o n ly  a s h o r t  row o f  9-11 
s e p a r a t e d  lo n g  c i l i a  (F ig s .  12b,d). F o i s s n e r  (1982) and Hemberger 
(1982) bo th  d e s c r ib e d  t h i s  unusua l PM, bu t  m is to o k  i t  f o r  an e n d o ra l  
membrane. SEM m ic ro g ra p h s  (and c a r e f u l  l i g h t  m ic ro s c o p ic  o b s e rv a t io n )  
r e v e a l  t h a t  i t  l i e s  a to p  ( v e n t r a l  to )  th e  r i g h t  bucca l o v e r tu r e  (F ig s .  
12a,d). T h is  c o n fu s io n  i s  caused by the  f a c t  t h a t  th e  e n d o ra l  
membrane, n o rm a l ly  a s i n g l e  row o f  c i l i a ,  a p p e a r s  i n  p r o t a r g o l  
p r e p a r a t i o n s  (F ig . 12b) as  th e  more s u b s t a n t i a l  o f  th e  2 membranes. In  
a d d i t i o n ,  i t  l i e s  so deep in s i d e  th e  bu cca l  c a v i t y  t h a t  i t  i 3  
p o s i t i o n e d  to  th e  r i g h t  o f  (but d o r s a l  to )  th e  PM. Thus, th e  2 
membranes a r e  e a s i l y  confused  i n  p r o t a r g o l  im p re g n a te d  spec im ens  view ed 
w i th o u t  r e g a rd  to  r e l a t i v e  d ep th s  o f  s t r u c t u r e s  under o b s e rv a t io n .
Specim ens from  my p o p u la t io n  a lm o s t  i n v a r i a b l y  had 11 f r o n t a l  
c i r r i ,  i n c lu d in g  th e  b u cca l  c i r r u s .  The a r ra n g e m e n t  o f  th o se  c i r r i  i s  
u n u su a l  (F ig s .  12a,b) and had le d  v a r io u s  a u th o r s  (T u ff ra u ,  1979; 1979) 
to  p la c e  i t  among th e  U r o s ty l in a .  A group o f  5 o r  6 c i r r i  a r ra n g e d  in  
a " z ig -z a g "  p a t t e r n  a r e  r e m in i s c e n t  o f  th e  m id v e n t r a l  c i r r i  found in  
th e  s u b o rd e r  U r o s t y l in a .  Hemberger’s (1982) i n v e s t i g a t i o n s  i n d i c a t e
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g r e a t e r  v a r i a t i o n  i n  numbers o f  f r o n t a l  c i r r i  a l l o w in g  f o r  in c re a s e d  
s u p e r f i c i a l  u r o s t y l i n e  s i m i l a r i t y .  There a re  2 s m a l l  p o s tb u c c a l  c i r r i  
s i t u a t e d  j u s t  a n t e r i o r  to  2 s l i g h t l y  e n la rg e d  t r a n s v e r s e  c i r r i .  There 
a re  s i n g l e  l e f t  and r i g h t  m a rg in a l  rows o f  c i r r i .
D o rs a l ly  t h e r e  a r e  3 rows o f  c i l i a .  The l e f t  and m idd le  rows a re  
u s u a l l y  s e p a r a t e d  by a broad expanse of c o r t e x  w hich  may c o n ta in  r e l i c t  
p a r e n t a l  d o r s a l  c i l i a  (F ig . 12c). There a r e  3 f l e x i b l e  cau d a l  c i r r i  
( F ig .  1 2c) .
In  1982, I  r e p o r t e d  on m orphogene tic  i n f o r m a t io n  o b ta in e d  
p r i m a r i l y  from r e o r g a n i z i n g  c e l l s .  A few c e l l s  f i x e d  and s t a i n e d  e a r l y  
i n  th e  d i v i s i o n  p ro c e s s  show t h a t  an  o p i s th e  AZM f i e l d  fo rm s  i n  th e  
u s u a l  l o c a t i o n  and, i n  common w i th  Tachvsoma s d . , a s i n g l e  l a t i t u d i n a l  
zone o f  F-V-T s t r e a k  p r o l i f e r a t i o n  i s  i n i t i a l l y  p roduced . Hemberger 
(1982) showed t h a t  t h i s  th e n  s p l i t s  to  form  p r o t e r  and o p i s th e  F-V-T 
f i e l d s .  R eo rg an iz in g  c e l l s  d e m o n s t ra te  th e  5 l o n g i t u d i n a l  f r o n t a l  
s t r e a k s  and th e  UM s t r e a k  t y p i c a l  o f  th e  O x y t r ic h in a  (F ig s .  1 2 e ,f ) .  
Development p roceed  from  t h i s  p o in t  much as i n  0, f a l l a x  w ith  a l l  
k in e to so m es  i n  s t r e a k s  3 and m ig r a t i n g  p o s t e r i o r l y  t o  become th e  more 
p o s t e r i o r l y  p la c e d  f r o n t a l  c i r r i ,  and p o s t e r i o r  p o r t i o n s  o f  s t r e a k s  4 
and 5 p roduc ing  th e  p o s t e r i o r  group o f  2 t r a n s v e r s e  c i r r i  and 2 
p o s tb u c c a l  c i r r i  (F ig . 13).
M arg ina l c i r r i  a r e  produced f o l l o w i n g  th e  e l a b o r a t i o n  o f  s t r e a k s  
o f  k in e to so m es  w i t h i n  th e  p a r e n t a l  rows. D o rsa l  row s o f  c i l i a  a re  
produced by " in  row" p r o l i f e r a t i o n  o f  k in e to so m e s  w i th  each s t r e a k  
p roduc ing  a c a u d a l  c i r r u s  a t  i t s  p o s t e r i o r  end.
Group B: Forms With M u l t ip le  R igh t M arg ina l Rows o f  C i r r i
P l e u r o t r i c h a  l a n c e o l a t a .  The genus P l e u r o t r i c h a  i s  c h a r a c t e r i z e d
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by an O x v t r ic h a - l l k e  a r ran g em en t  o f  F-V-T c i r r i  and p o s s e s s io n  o f  2 o r  
more r i g h t  m a rg in a l  c i r r a l  row s. The p o p u la t io n  o f  P l e u r o t r i c h a  
l a n o e o l a t a  (F igs .  14, 15) I  s tu d ie d  v a r i e d  from 112 pm-143 jum (x = 126
p )  i n  l e n g t h  and 5 1 .7 -7 0 .4  pm (3c = 64.5 /am) i n  w i d t h .  The c o r t e x  i s  
f l e x i b l e  and th e r e  a r e  2 m ic ro -  and 2 m a c ro n u c le i .  M easurem ents  a re  
g iv e n  i n  T ab le  10.
The AZM i s  s i m i l a r  to  t h a t  found in  o t h e r  t y p i c a l  o x y t r i c h i n e  
h y p o t r i c h s ,  a l th o u g h  P l e u r o t r i c h a  te n d s  to  have more m e m b ra n e l le s  (x = 
47) th a n  o th e r s  I  s t u d i e d .  The p o s t e r i o r  end o f  th e  p a r o r a l  membrane 
a r i s e s  a n t e r i o r  to  th e  p o s t e r i o r  end o f  th e  AZM and b u c c a l  apex. At 
i t s  a n t e r i o r  end th e  PM cu rv es  in w ard  in  a  f a s h io n  r e m i n i s c e n t  o f ,  bu t 
o f  c o n s id e r a b ly  lo w e r  m agnitude  than ,  t h a t  se e n  i n  5.. a u a d r i n u c l e a t a  
and o t h e r  members o f  K ah l 's  (1932) subgenus S t e i n i a .  The e n d o ra l  
membrane l i e s  w i t h i n  th e  bucca l c a v i t y  and does n o t  e x te n d  a s  f a r  
a n t e r i o r l y  as  th e  PM.
P lacem en t o f  F-V-T c i r r i  i s  s i m i l a r  t o  t h a t  o b se rv ed  i n  0, f a l l a x  
w i th  th e  e x c e p t io n  t h a t  t r a n s v e r s e  c i r r i  1, 2, and 3 a r e  more a n t e r i a d  
( F ig .  14) th a n  i n  O x v t r i c h a .
There a re  2 row s o f  r i g h t  and 1 row o f  l e f t  m a rg in a l  c i r r i  w hich 
a re  e s s e n t i a l l y  c o n f lu e n t  p o s t e r i o r l y .  There a re  6 rows o f  d o r s a l  
b r i s t l e s  and 3 c a u d a l  c i r r i  (F ig . 14b).
M orphogenesis  o f  F-V-T c i r r i  (F ig s .  15b, 16) i s  s i m i l a r  t o  t h a t  
s een  i n  0. f a l l a x .  F iv e  l o n g i t u d i n a l  s t r e a k s  a r e  p roduced  s e p a r a t e l y  
i n  th e  p r o t e r  and th e  o p is th e .  C i r r a l  developm ent i n  eac h  s t r e a k  
r e f l e c t s  th e  p a t t e r n  i n  0. f a l l a x .
Development o f  l e f t  m a rg in a l  c i r r i  o c c u rs  as  i n  O x v tr ic h a ,  bu t th e  
2 r i g h t  m a rg in a l  row s a r e  produced i n  an a t y p i c a l ,  a l th o u g h  n o t  unique ,
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f a s h io n  f o r  ta x a  w i th  m u l t i p l e  rows o f  c i r r i .  The i n n e r  o f  the  2 rows 
does no t  p a r t i c i p a t e  i n  th e  d ev e lo p m en ta l  p ro c e s s  and th u s  may be 
c o n s id e re d  v e g e t a t i v e .
C i r r i  i n  th e  o u t e r  row d e d i f f e r e n t i a t e  i n  2 zones  ( p r o t e r  and 
o p i s th e ) ,  bu t  form 2 s t r e a k s  o f  k in e to so m e s  in  each  zone  r a t h e r  than  
ad h e r in g  to  th e  u s u a l  1 row-1 s t r e a k  r e l a t i o n s h i p .  Thus, th e  o u te r  row 
may be c o n s id e re d  the  g e r m in a t iv e  r i g h t  m a rg in a l  row. The 2 s t r e a k s  
deve lop  i n t o  th e  r i g h t  m a rg in a l  rows o f  th e  m a tu re  c e l l .
Development o f  d o r s a l  b r i s t l e  rows and c a u d a l  c i r r i  i s  i d e n t i c a l  
to  developm en t o f  th e  same in  O x v tr ich a .
£ m i p _ C ; Forms With V e n t r a l  L o n g i tu d in a l  Rows o f  C i r r i
P a r a u r o s t v l a  sp. The genus P a r a u r o s t v l a  c o n s i s t s  o f  s e v e r a l  
s p e c ie s ,  w i th  v a ry in g  numbers and p la c e m e n t  o f  a p p a r e n t l y  t y p i c a l  
o x y t r i c h in e  F-V-T c i r r i ,  and from 2 to  many l o n g i t u d i n a l  row s o f  c i r r i  
and s i n g l e  l e f t  and r i g h t  m a rg in a l  rows. P a r a u r o s t v l a  s p . i s  s i m i l a r  
to  P a r a u r o s tv l a  hvmenophora i n  i t s  p o s s e s s io n  o f  2 o f  t h e s e  v e n t r a l  
l o n g i t u d i n a l  rows o f  c i r r i  (Fig. 17a). I t  d i f f e r s ,  how ever,  i n  
p o s s e s s io n  o f  a  g r e a t e r  number o f  f r o n te d  c i r r i  (7-11 a s  opposed to  6, 
t y p i c a l l y ,  i n  P a r a u r o s tv l a  hvmenophora) and 6 m a c ro n u c le i  (2 i n  
P a r a u r o s tv l a  hvmenophora). In  a d d i t io n ,  th e  l o n g i t u d i n a l  row s o f  th e  2 
s p e c i e s  a r e  produced by s l i g h t l y  d i f f e r e n t  m o rp h o g e n e t ic  p r o c e s s e s .
P a r a u r o s tv l a  sp. i s  a  f r e s h w a te r  h y p o t r i c h .  One o f  my s t r a i n s  was 
i s o l a t e d  from an A ppledore I s la n d ,  Maine pond f o u le d  by g u l l  d ro p p in g s ,  
and th e  o th e r  was re c o v e re d  from a pudd le  i n  a p a r k in g  l o t  i n  Mexico 
C ity ,  Mexico. In  c u l t u r e ,  both  s t r a i n s  w ere  a b le  to  w i th s t a n d  
b a c t e r i a l  b u ild u p  t h a t  more f a s t i d i o u s  o rg a n ism s  c o u ld  n o t  t o l e r a t e .  
Both s t r a i n s  averaged  a p p ro x im a te ly  134 jum i n  l e n g t h  and l e n g th s ,
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w id th s ,  and b u cca l  c a v i t y  le n g th s ,  as w e l l  a s  L/W and BCL/L r a t i o s  were 
com parable. The c i l i a t e  i s  about tw ic e  as lo n g  as wide and th e  3CL 
o ccu p ie s  a p p ro x im a te ly  40-45? o f  th e  t o t a l  body le n g th .  The c o r te x  i s  
su p p le  and th e r e  a r e  i n v a r i a b l y  6 m a c ro n u c le i  and 2-4 m ic ro n u c le i .  
M easurements a r e  g iv e n  i n  T ab les  11 and 12.
The a d o ra l  zone o f  m em brane lles  c o n ta in s  36-49 m em brane l le s  and i s  
accompanied by v e ry  lo n g  m em b ran e l la r  c i l i a  (F ig s .  18c, me). The 
p a r o r a l  and e n d o ra l  membranes ex tend  fo rw a rd  from  a  p o in t  j u s t  a n t e r i o r  
to  th e  AZM bu cca l  c a v i t y  apex abou t 3/4 o f  th e  d i s t a n c e  to  th e  a n t e r i o r
end o f  th e  c e l l .  The a n t e r i o r  end o f  th e  PM a p p e a r s  to  cu rv e  somewhat
tow ard  th e  l e f t  s i d e  o f  th e  c e l l .
Op t o  11 f r o n t a l  c i r r i  occupy th e  a r e a  b e tw een  th e  PM and th e
l o n g i t u d i n a l  rows. The 3 most a n t e r i o r  o f  th e s e  (1 o f  w hich i s  th e  
b u cca l  c i r r u s )  a r e  n o t i c e a b l y  e n la rg e d  (F ig s .  18a ,b ) .  Number and 
p lacem en t o f  th e  o t h e r  f r o n t a l  c i r r i  v a r i e s  from c e l l  to  c e l l .  
P o s tb u c c a l  c i r r i  v a ry  i n  number from 0 (F ig . 18b) t o  4. There a re  
t y p i c a l l y  4 o r  5 t r a n s v e r s e  c i r r i ,  a l th o u g h  I  saw 1 c e l l  w i th  o n ly  2 
(F ig .  18b).
The 2 l o n g i t u d i n a l  row s ex tend  from  a p o in t  j u s t  ahead o f  th e  
t r a n s v e r s e  c i r r i  a n t e r i o r l y  to  abou t th e  m idd le  o f  th e  c e l l  where th ey  
b eg in  to  curve to  th e  r i g h t  (F ig . 18a,b) around th e  AZM and f r o n t a l  
c i r r i .  The a n t e r i o r  te rm in u s  o f  th e  l e f t  l o n g i t u d i n a l  row i s  s l i g h t l y  
p o s t e r i o r  to  th e  e n la rg e d  f r o n t a l  c i r r i  and th e  r i g h t  row ends 
l a t e r a l l y  and a d j a c e n t  to  them. A s h o r t  row o f  c i r r i  f r e q u e n t ly  o cc u rs  
between th e  r i g h t  l o n g i t u d i n a l  row and th e  r i g h t  m a rg in a l  row o f  c i r r i .  
These a re  d e v e lo p m e n ta l  r e l i c t s  o f  th e  p a r e n t a l  r i g h t  l o n g i t u d i n a l  row, 
as  w i l l  be d e m o n s t ra te d  below.
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The s i n g l e  l e f t  and r i g h t  m a rg in a l  rows o f  c i r r i  a r e  a lm o s t  
c o n f lu e n t  p o s t e r i o r l y .  They ex tend  on th e  l e f t  to  abou t th e  m idd le  o f  
t h e  AZM " l a p e l "  ( F i g s .  17a, I 8 a ,b )  and on t h e  r i g h t  t o  t h e  r i g h t  end o f
th e  AZM " c o l l a r " .  D o rsa l  b r i s t l e s  o ccu r  i n  6 rows (4 lo n g  and 2 s h o r t ;
F i g s .  17b, I 8 d ) ,  and  t h e r e  a r e  3 c a u d a l  c i r r i .
C o r t i c a l  m orphogenes is  i n  d i v i s i o n  b eg in s  w ith  p r o l i f e r a t i o n  o f  a 
t y p i c a l ,  a n a r c h ic  f i e l d  o f  k in e to so m es  i n  the  a r e a  a d j a c e n t  to  th e  l e f t
t r a n s v e r s e  c i r r u s  (F ig s .  I8e). The o p i s th e  PM and EM p r im o rd i  a r i s e s
as  a s m a l l ,  t r i a n g u l a r  group o f  k in e to so m e s  a n t e r i o r  and to  th e  r i g h t  
o f  th e  d e v e lo p in g  o r a l  prim ordium  (F ig . I8e) .  The p a r e n t a l  AZM i s  
r e t a i n e d  i n t a c t .  PM and EM d e d i f f e r e n t i a t e  and r e d i f f e r e n t i a t e  i n  
s i t u .  A s i n g l e  p a r o r a l  c i r r u s  i s  p roduced  a t  th e  a n t e r i o r  end o f  th e  
PM s t r e a k  i n  bo th  p r o t e r  and o p is th e .
F iv e  l o n g i t u d i n a l  f r o n t a l  s t r e a k s  o f  k in e to so m es  a r e  produced 
s e p a r a t e l y  i n  th e  p r o t e r  and o p is th e .  Three a r i s e  i n  c o n ju n c t io n  w ith  
d e d i f f e r e n t i a t i o n  o f  f r o n t a l  c i r r i  i n  th e  p r o t e r  and p o s tb u c c a ls  i n  th e  
o p i s th e  (F ig s .  I 8 i - k ) .  S t r e a k  1 g iv e s  r i s e  to  as  many as  6 o r  7 
f r o n t a l  c i r r i  and may produce a p o s tb u c c a l  c i r r u s  a n d /o r  a t r a n s v e r s e  
c i r r u s ,  and, o c c a s i o n a l l y ,  a p o s tb u c c a l  c i r r u s .  S t r e a k  3 y i e l d s  up to  
3 p o s tb u c c a l  c i r r i  and a t r a n s v e r s e  c i r r u s .  The o th e r  2 f r o n t a l  
s t r e a k s  a r e  d e r iv e d  from k in e to so m es  produced  i n  d e d i f f e r e n t i a t i o n  o f  
th e  l e f t  l o n g i t u d i n a l  row, and produce th e  l o n g i t u d i n a l  row s o f  th e  
m a tu re  c e l l  and 1 t r a n s v e r s e  c i r r u s  a p ie c e .  The r i g h t  l o n g i t u d i n a l  row 
re m a in s  m o rp h o g e n e t ic a l ly  i n a c t i v e  and o f t e n  i s  r e s o rb e d  in c o m p le te ly  
f o l l o w i n g  d i v i s i o n ,  a c c o u n t in g  f o r  th e  r e l i c t  c i r r i  en co u n te re d  
o c c a s i o n a l l y  i n  th e  p o s t e r i o r  p o r t i o n  o f  th e  c e l l  betw een th e  r i g h t  
m a rg in a l  and r i g h t  l o n g i t u d i n a l  rows o f  c i r r i .
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R ight and l e f t  m a rg in a l  rows o f  c i r r i ,  th e  6 rows o f  b r i s t l e s  and 
th e  3 cau d a l c i r r i  d ev e lo p  as do t h e i r  c o u n t e r p a r t s  i n  0. f a l l a x .
Cvst U l t r a s t r u c t u r e
SEM o b s e r v a t io n  o f  m a tu re  r e s t i n g  c y s t s  o f  6 o x y t r i c h in e  
h y p o t r i c h s ,  i n  a d d i t i o n  to  th e  few h y p o t r i c h  c y s t  d e s c r i p t i o n s  i n  th e  
l i t e r a t u r e ,  r e v e a l  3 b a s ic  ty p e s  o f  c o r t i c a l  s c u l p t u r i n g  (F ig . 19):
a .  S c a l lo p s  o r  d e p r e s s io n s  l y i n g  i n  l i n e a r  o r  c o n c e n t r i c  r i n g  
p a t t e r n s .  Exam ples: 0. f a l l a x  (F ig . 19a), P a r a u r o s t v l a  sd. 
( F ig .  19c).
b. S p ines  o r  p a p i l l a e  i n  l i n e a r  o r  c o n c e n t r i c  r i n g  p a t t e r n s .  
Exam ples: .£). q u a d r in u c l e a t a  (F ig .  19b), S. p u s t u l a t a  (F ig . 
1 9d),  and P l e u r o t r i c h a  l a n c e o l a t a  (F ig . 19f).
c. I r r e g u l a r  o r  rough  s u r f a c e s  w i th  s m a l l ,  i s o l a t e d  p a p i l l a e .  
Example: £ .  a f f i n e  (F ig .  1 9 e ) .
A ll  a r e  e s s e n t i a l l y  s p h e r i c a l .
C ys ts  w i th  S c a l lo p e d  S u r f a c e s
The e x t e n t  o f  s c a l l o p i n g  i n  c y s t s  w i th  n o n - p a p i l l a t e  s u r f a c e s  i s  
v a r i a b l e ,  a p p e a r in g  a lm o s t  sm ooth a t  th e  l i g h t  m icroscope  l e v e l .  At 
the  SEM l e v e l  s c u l p t u r i n g  can vary , i n  b o th  £. f a l l a x  and P a r a u r o s tv l a  
s p . from d e p re s s io n s  as  s h a l lo w  a.s shown i n  F ig . 19a to  as deep as 
shown i n  F ig .  19c.
O x v tr ich a  f a l l a x  c y s t s  (F ig . 19a) a v e ra g ed  49 pm (range ,  39-56 pm) 
i n  d ia m e te r ,  more th an  tw ic e  t h a t  r e p o r t e d  by Grimes (1973a) (18-20 pm) 
even though t r o p h i c  c e l l s  i n  bo th  s t u d i e s  w ere  o f  s i m i l a r  s i z e .  There 
a re  abou t 80-90 s c a l l o p s  o r  d e p re s s e d  a r e a s  on th e  s u r f a c e  o f  th e  c y s t  
a l th o u g h  t h e i r  e n u m e ra t io n  i s  d i f f i c u l t  due to  th e  r e l a t i v e
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i r r e g u l a r i t y  o f  the  s u r f a c e .  G rimes (1973) d e s c r ib e d  i n t e r n a l  c y s t  
u l t r a s t r u c t u r e  and I  d id  not r e p e a t  h i s  work.
P a r a u r o s ty l a  sp. C ysts  o f  P a r a u r o s tv l a  s p .  (F ig . 19c) have an 
av e rag e  d ia m e te r  o f  51 pm (47-55 pm) and p o s se s s  about 76-78 s u r f a c e  
d e p re s s io n s .  In  c ro s s  s e c t i o n  (Fig. 20d), th e  c y s t  w a l l  i s  s een  to  
v a ry  i n  t h i c k n e s s  from about 2.5 pm in  th e  d ep re s se d  a re a s  t o  abou t 4.5 
pm a lo n g  th e  r id g e s .  There a re  4 c y s t  w a l l  l a y e r s :  (1) a t h i n
e c t o c y s t  (Ec), (2) a  th i c k ,  l a m e l l a r  m esocyst (M), (3) a th i n ,  dark  
s t a i n i n g  en d o cy s t  (En), and (4) an in n e r ,  " g r a n u la r  l a y e r "  (G). These 
l a y e r s  re se m b le  those  r e p o r te d  f o r  o t h e r  o x y t r i c h ln e  h y p o t r i c h s  
(Grimes, 1972; W alker e t  a l . ,  1975, 1980; and G u t ie r r e z  e t  a l . ,  1983). 
The e c t o c y s t  i s  ab o u t 0.2-0.5 pm t h i c k  and a p p e a rs  to  be composed o f  
lo o s e l y  packed l a m e l l a r  m a te r i a l .  T h is  r e f l e c t s  i t s  p ro b a b le  
developm ent from th e  " d i s k - l i k e "  e c t o c y s t  p r e c u r s o r s  r e p o r t e d  by o th e r  
a u th o rs .  The m esocyst v a r i e s  from 1.5-4 pm. I t  a p p e a rs  f i b r o u s  and i s  
much more t i g h t l y  packed than  th e  e c t o c y s t .  Dark s t a i n i n g  i n c l u s i o n s  
such as th o se  i n  Fig. 20d a re  common. The dense , f i b r o u s  e n d o c y s t  i s  
r e l a t i v e l y  u n ifo rm  i n  c ro s s  s e c t io n ,  abou t 0.15 pm th ic k .  The g r a n u la r  
l a y e r  v a r i e s  i n  th i c k n e s s  from 0.05-1.0 pm and i s  composed o f  an 
amorphous o r  g r a n u la r  su b s ta n c e .  I t  a l s o  commonly c o n ta in s  s m a l l  
d a rk ly  s t a i n e d  in c lu s io n s .
I n t e r n a l  m orphology i s  s i m i l a r  to  t h a t  r e p o r t e d  f o r  0. f a l l a x  
(Grimes, 1973a). There i s  a c e n t r a l  m acronucleus  accom panied by 1 o r  
more m ic ro n u c le i .  C lu s te r s  o f  m i to c h o n d r ia  (Fig. 20d) a re  l o c a t e d  j u s t  
i n s i d e  the  g r a n u la r  l a y e r .  Numerous v a c u o le s  e v id e n t  i n  F ig . 20 a re  
p robab ly  s i t e s  o f  g lycogen  or p a rag ly co g en  s to r a g e  and a p p e a r  s i m i l a r  
to  th o se  r e p o r te d  by V erni and R o s a t i  (1980). S t a r c h - l i k e  g r a n u le s ,
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s i m i l a r  to  th o s e  r e p o r t e d  by W alker e t  a l .  (1980) a r e  a l s o  p r e s e n t ,  
though no t numerous.
C ysts  w i th  S p in es  o r  P a p i l l a e
O x v tr ic h a  q u a d r in u c le a t a .  The s u r f a c e s  o f  0. c u a d r i n u c l e a t a  c y s t s  
e x h i b i t  d i s t i n c t  s c u l p t u r i n g  v a ry in g  from th e  r e l a t i v e l y  3 h o r t  p a p i l l a e  
(F ig . 19b) to  th e  lo n g e r  s p in e s  s i m i l a r  to  th o s e  i n  p u s t u l a t a  (F ig . 
19d) o r  P l e u r o t r i c h a  l a n c e o l a t a  (F ig . 19f). These s p in e s  range  i n  
le n g th  from abou t 3.5 pm to  7 pm and number abou t 140. Cyst d ia m e te r ,  
m easured a t  th e  b a se s  o f  the  s p in e s ,  a v e ra g e s  ab o u t  46 pm. The c r o s s  
s e c t i o n a l  a p p ea ran ce  i s  s i m i l a r  to  c y s t s  o f  0, f a l l a x  o r  P a r a u r o s tv l a  
sp. I n  a r e a s  be tw een  th e  s p in e s ,  th e  e c t o c y s t  i s  abou t 0.1 pm th ic k .  
The s p in e s  a r e  h o l lo w  e l a b o r a t i o n s  o f  th e  l a m e l l a r  com ponents o f  th e  
e c to c y s t .  The m esocys t  i s  abou t 1 .7-2.8 pm th i c k ,  w i th  th e  t h i c k e s t  
a r e a s  b e in g  s i t u a t e d  as  "bases"  f o r  th e  s p in e s .  The e n d o cy s t  i s  o f  
r e l a t i v e l y  u n ifo rm  th i c k n e s s ,  ab o u t 0.04 pm. The in n e r  s u r f a c e  o f  th e  
g r a n u la r  l a y e r  i s  grooved  (Fig. 20b) r e s u l t i n g  i n  a v a r i a b l e  th i c k n e s s  
o f  0 .0 8 -0 .3 4  pm.
0. c u a d r i n u c l e a t a  c y s t s  have a c e n t r a l  m acronuc leus ,  1 or more 
m ic ro n u c le i ,  and c l u s t e r s  o f  m i to c h o n d r ia  j u s t  i n s i d e  th e  c y s t  w a ll .  
N u t r i e n t  r e s e r v e  s to r a g e  bod ies  a r e  o f  th e  2 ty p e s  (g lycogen  o r  
p a rag ly co g en  and " s t a r c h - l i k e " )  seen  i n  P a r a u r o s tv l a  sp. A utophagic 
v a c u o le s  s i m i l a r  t o  th o s e  found i n  0. f a l l a x  (Grimes, 1973) and, 
o c c a s i o n a l l y ,  G a s t r o s t v l a  s t e i n i i  (W alker e t  a l . ,  1980) a r e  p r e s e n t .
P l e u r o t r i c h a  l a n c e o l a t a  P l e u r o t r i c h a  l a n c e o l a t a  c y s t s  (Fig. 19e) 
ave rage  57 pm i n  d ia m e te r .  The 160 o r  so s p in e s  a r i s i n g  from the  
s u r f a c e  v a ry  i n  l e n g th  from  4.1 pm to  9.9 pm. As i n  .0. c u a d r i n u c l e a t a , 
th e  s p in e s  r e p r e s e n t  s p a c e s  betw een l a y e r s  o f  th e  e c t o c y s t  (Fig. 20c).
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The c y s t  w a l l  i s  l e s s  than  1 pm th i c k  ( a p p ro x im a te ly  0.7 pm) i n  c ro s s  
s e c t i o n .  The e c to c y s t  i s  about 0.1 pm th i c k .  The m esocyst i s  th i n n e r  
(0 .3-0 .6  pm) than  i n  some o th e r  h y p o t r i c h s .  The en d o cy s t  i s  a l s o  t h i n  
(0.02 pm) and the  g r a n u la r  l a y e r  v a r i e s  i n  t h i c k n e s s  from a r e a s  where 
i t  i s  a p p a r e n t ly  a b se n t  (0 pm) to  ab o u t 0.1 pm.
N u c le i ,  m i to ch o n d r ia ,  and o th e r  c y to p la s m ic  i n c l u s i o n s  a r e  s i m i l a r  
to  th o se  seen  i n  p r e v io u s ly  r e p o r te d  c y s t s  o f  o t h e r  s p e c ie s .
jjLtylonchia p u s tu l a t a .  The c y s t  o f  p u s t u l a t a  (F ig . 19f) i3  
s i m i l a r  i n  e x t e r n a l  appearance  to  t h a t  o f  P l e u r o t r i c h a  l a n c e o l a t a .  bu t 
s m a l l e r  (abou t 35 pm i n  d ia m e te r ) .  S p in es  a r e  4.4 pm to  7.4 pm long 
and number a p p ro x im a te ly  180. The c y s t  w a l l  i s  t h i n  (abou t 0.35 pm) 
compared to  o th e r  c y s t s  t h a t  r e s o r b  k in e to s o m e s .  S tag e s  i n  c y s t  w a l l  
deve lopm ent a re  shown i n  Fig. 21. The e c t o c y s t  i s  produced  d u r in g  
c i r r a l  d e d i f f e r e n t i a t i o n  (Fig. 21 a ,b )  and e v e n t u a l l y  co m p rise s  an 
in n e r ,  dense  p o r t io n ,  and an o u te r ,  l o o s e l y  packed p o r t i o n  (F ig . 21c), 
abou t 0.1 pm th ic k .  The f i b r i l l a r  m eso cy s t  a t t a i n s  an e v e n tu a l  
th i c k n e s s  o f  ap p ro x im a te ly  0.2 pm. A m esocys t  p r e c u r s o r  i s  shown i n  
F ig . 21c d e p o s i t i n g  i t s  c o n te n ts  d u r in g  th e  f i n a l  s t a g e s  o f  m esocyst 
p ro d u c t io n .  Endocyst p r e c u r s o r s  (EnP) a r e  p r e s e n t  and in  p o s i t i o n  to  
b eg in  p ro d u c t io n  o f  a t h i n  endocys t (ab o u t 0.01 pm). Nearby a re  
s m a l l e r  g r a n u la r  l a y e r  (GLP) p r e c u r s o r s  t h a t  e v e n t u a l l y  produce an 
a p p ro x im a te ly  0.05 pm th i c k  g r a n u la r  l a y e r .  A lthough th e  c y s t  w a l l  i s  
th in ,  S, p u s t u l a t a  c y s t s  a re  no t  n o t i c e a b l y  l e s s  d e s i c c a t i o n  r e s i s t a n t  
than  th o s e  w i th  t h i c k e r  w a l l s .  This  i s  p o s s i b ly  a f u n c t i o n  o f  th e  
un ique , dense  in n e r  l a y e r  o f  th e  e c t o c y s t  w hich  may complement the  
o th e r  l a y e r s  i n  w a te r  r e t e n t i o n .
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C vsta w i th  Sm all I s o l a t e d  P a p i l l a e
Gonostomum a f f i n e .  G. a f f i n e  c y s t s  (F ig .  19e, 22a) a r e  un ique  
among known h y p o t r i c h  c y s t s .  E x t e r n a l l y  th e y  re s e m b le  0. f a l l a x  and 
P a ra u ro s t y l a  ,s£. c y s t s ,  a l th o u g h  th e r e  i s  no a p p a re n t  o r d e r  t o  th e  
s c a l l o p i n g  i n  j3. a f f i n e  c y s t s  and they  a d d i t i o n a l l y  p o s s e s s  8-10 
low, i s o l a t e d  bumps o r  p a p i l l a e  (F ig . 22a, a r ro w s ) .  C yst d ia m e te r  
a v e ra g e s  32.8 um (range ,  26-39 .pm). Cross s e c t i o n s  o f  th e  c y s t  (F ig .  
22b-d) r e v e a l  3 d i s t i n c t  c y s t  w a l l s ,  each composed o f  1 o r  more l a y e r s .  
The in n e r  w a l l  s u r ro u n d s  the  dense cy to p lasm  o f  th e  p r o t o p l a s t .  
Remarkably, th e  o t h e r  w a l l s  a l s o  a p p a r e n t ly  e n c lo s e  b i t s  o f  c y to p la sm , 
some c o n ta in in g  d e g e n e ra te  bu t i d e n t i f i a b l e  o r g a n e l l e s  (e.g. 
m i to c h o n d r ia ,  F ig . 22d). S u rface  p a p i l l a e  a r e  r e v e a le d  a s  p o re s  
s i t u a t e d  a t  j u n c t i o n s  o f  the  m id d le  and o u t e r  c y s t  w a l l s  and c lo s e d  
w i th  t i n y  caps  (F ig . 22c). The o u t e r  w a l l  (0.3 pm th ic k )  and th e  
p a p i l l a r y  caps  a r e  l a m e l l a r  and s i m i l a r  i n  a p p ea ran ce  t o  e c t o c y s t s  o f  
o t h e r  h y p o t r i c h  c y s t s .  D egenerate  m i to c h o n d r ia  a r e  a p p a re n t  J u s t  
i n s i d e  t h i s  w a l l .  B odies  s i m i l a r  t o  c o n te n t s  o f  e c t o c y s t  p r e c u r s o r s  
( a s  d e p ic te d  by Grimes, 1973 and W alker e t  a l . ,  1980), b u t  n o t  membrane 
bound, a r e  a l s o  p r e s e n t  h e re .  The cy top lasm  i s  o f  a d e n s i t y  s i m i l a r  t o  
t h a t  o f  t r o p h i c  c e l l s .  An a n as ta m o s in g  n e tw o rk  o f  l a m e l l a r  e c t o c y s t -  
l i k e  membranes p a r t i t i o n s  b i t s  of cy to p la sm  and c o n n e c ts  w i th  bo th  
o u t e r  and m id d le  c y s t  w a l l s .  The m id d le  w a l l  i s  abou t 0.7 um t h i c k  and 
h as  3 a p p a re n t  l a y e r s :  (1) an o u te r  e c t o c y s t  s i m i l a r  t o  t h a t  o f  S,
p u s t u l a t a  w i th  o u te r ,  lo o s e  and in n e r ,  dense  s u b la y e r s  (b o th  abou t 0.16 
pm th ic k ) ,  (2) a 0.2 pm m e s o c y s t - l ik e  l a y e r ,  and (3) and in n e r ,  
a p p ro x im a te ly  0.15 pm t h i c k  e n d o c y s t - l i k e  l a y e r .  This c y s t  w a l l  a l s o  
e n c lo s e s  com partm en ts  o f  cy top lasm  s i m i l a r  t o  t r o p h o z o i t e  cy to p la sm  i n
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d e n s i t y .  The in n e r  e y s t  w a l l  r e p e a t s  th e  p a t t e r n  o f  the  m idd le  w a l l .  
The o u t e r  l a y e r  i s  d iv id e d  i n t o  a t h i n  (0.02 pm) dense o u t e r  s u b la y e r  
and a more l o o s e l y  packed, 0.2 um in n e r  s u b la y e r .  A 0.16 pm m esocyst 
l a y e r  and a  dense, 0.03 pm e n d o c y s t - l i k e  l a y e r  e n c lo se  cy to p lasm  o f  
t y p i c a l  c y s t  d e n s i t y .  F ix a t i o n  o f  o r g a n e l l e s  i n  t h i s  cy to p la sm  was 
poor, p ro b a b ly  due to  low p e n e t r a b i l i t y  o f  th e  3 c y s t  w a l l s .  Oblong 
b o d ie s  around  th e  o u t e r  a r e a  o f  t h i s  cy to p la sm  may be m i to c h o n d r ia .  In  
l i v e  c y s t s  o bserved  un d er  phase c o n t r a s t ,  a c e n t r a l l y  l o c a t e d  
m ac ro n u c leu s  i s  a p p a re n t .
-C y s t-T ro p h o zo lte  Morphology I n t e r r e l a t i o n s h i p s
W alker e t  a l .  (1980) d e v ise d  a c y s t  c l a s s i f i c a t i o n  based  on such  
c h a r a c t e r i s t i c s  as  r e l a t i o n s h i p s  o f  c y s t  volume to  t r o p h o z o i t e  volume, 
and c y s t  w a l l  t h i c k n e s s  to  c y s t  r a d iu s .  Both f u n c t i o n s  can  be 
e x p re s s e d  as  d e c im a l  f r a c t i o n s .  Form ulae u sed  f o r  c a l c u l a t i n g  th e  
volume o f  th e  c y s t  and t r o p h o z o i t e  a r e :
(a )  volume o f  a sp h e re
v = 4 /3  t t  r^
where r  = c y s t  r a d iu s
(b) volume o f  1/2 o f  a p r o l a t e  s p h e ro id  
v = 1 / 2 ( 4 /3  r r a b 2 ) 
where a r  1/2 t r o p h o z o i t e  c e l l  l e n g th
b = 1/2  t r o p h o z o i t e  c e l l  w id th
The r e s u l t s  o f  a p p ly in g  th e s e  fo rm u la e  to  s p e c i e s  in c lu d e d  i n  t h i 3  
s tu d y ,  as  w e l l  as  com parison  o f  c y s t  w a l l  t h i c k n e s s  and c y s t  r a d i i ,  a r e  
g iv e n  i n  T ab le  13.
DISCUSSION
M orphogenetic  p a r a m e te r s  may s e rv e  as  u s e f u l ,  a l th o u g h  n o t  
a b s o lu t e  c r i t e r i a  f o r  e v a l u a t i n g  c i l i a t e  p h y lo g e n e t ic  r e l a t i o n s h i p s  
(B o rro r ,  1972, 1979; B o r ro r  and Evans, 1978a; B o rro r  and Wicklow, 1982, 
1983; C o r l i s s ,  1968, 1973, 1979; Culberson , 1979, 1982; F le u ry  and 
F ry d -V e rsa v e l ,  1981, 1982; Hemberger, 1982; Hemberger and W i lb e r t ,
1982; H i l l ,  1978a,b, 1979a ,b ,c ,  1980a,b, 1981; J e rk a -D z ia d o s z ,  1963, 
1964, 1965a,b, 1972a,b, 1974, 1980, 1981a,b, 1982; Wicklow, 1978,
1979a, b, 1980, 1981, 1982a,b). In  r e c e n t  y e a r s  taxonom ic e f f o r t s  
conduc ted  i n  th e  absence  o f  ad eq u a te  i n f o r m a t io n  on c o r t i c a l  
developm ent have r e s u l t e d  i n  s u p e r f i c i a l  g ro u p in g s  o f  h y p o t r i c h  ta x a  
(Jankow sk i,  1979; T u f f ra u ,  1979). The o b s e r v a t io n  t h a t  c e r t a i n  g roups 
o f  m o rp h o lo g ic a l ly  s i m i l a r  s p e c ie s  a r e  o f t e n  m o rp h o g e n e t ic a l ly  s i m i l a r  
le n d s  s u b j e c t i v e  s u p p o r t  t o  th e  concep t o f  th e  s y s t e m a t ic / t a x o n o m ic  
u t i l i t y  o f  m orphogene tic  in f o r m a t io n .  Such su p p o r t  i s ,  how ever, based 
on th e  a. p r i o r i  a s su m p tio n  t h a t  m o rp h o lo g ic a l ly  s i m i l a r  s p e c i e s  a r e  
a c t u a l l y  c l o s e l y  r e l a t e d  and shou ld  be viewed a s  s u s p e c t  i n  t h e  absence 
o f  a d d i t i o n a l  s u p p o r t iv e ,  c o r r o b o r a t iv e  in f o r m a t io n .
S t r u c t u r a l  and Developm ental C o n se rv a t io n  
Lynn (1976a) f o r m u la te d  th e  " s t r u c t u r a l  c o n s e rv a t i s m  h y p o th e s i s "  
f o r  w hich he p rov ided  c o n s id e r a b le  u l t r a s t r u c t u r a l  s u p p o r t  u s in g  
co lp o d id  c i l i a t e s  (Lynn, 1976b,c, 1977, 1978, 1979a, 1980). E x te n s io n  
o f  t h i s  work to  o th e r  c i l i a t e  ta x a  le d  to  i m p l i c i t  (Lynn, 1981) and 
e x p l i c i t  (Lynn, 1979b) p ro p o s a l s  f o r  m a jo r,  h ig h e r  l e v e l  r e v i s i o n s  o f  
th e  Phylum C il io p h o ra .  B r i e f l y ,  th e  s t r u c t u r a l  c o n s e rv a t i s m  h y p o th e s i s
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s t a t e s  t h a t ,  i n  g en e ra l ,  c o n s e r v a t io n  o f  a g iv e n  s t r u c t u r e  th rough  t im e  
i s  r e l a t e d  to  i t s  l e v e l  o f  b i o l o g i c a l  o r g a n iz a t i o n .  Thus, th e  l e s s  
com plex th e  s t r u c t u r e ,  th e  more s t r o n g l y  i t  i s  conserved .  The 
p r i n c i p l e  o f  " s t r a t i f i e d  s t a b i l i t y "  (Bronow ski, 1970) r e f l e c t s  Lynn's 
p ro p o s a l  i n  i t s  t r u i s t i c  o b s e r v a t io n  t h a t  th e  i n t e g r i t y  o f  each l e v e l  
o f  b i o l o g i c a l  ( in  t h i s  c ase  s t r u c t u r a l )  c o m p le x i ty  depends upon th e  
s t a b i l i t y  o f  th e  next lo w e r  l e v e l .
In  w hat m igh t be te rm ed  th e  "d ev e lo p m en ta l  c o n s e rv a t i s m  
h y p o th e s i s " ,  Wicklow (1982b) e x t r a p o l a t e d  from Lynn's p r o p o s a l  on 
s t a t i c  s t r u c t u r e  to  a  concep t o f  th e  e v o l u t io n a r y  c o n s e rv a t i s m  o f  
dynam ic phenomena. Here, l e v e l s  o f  d e v e lo p m e n ta l  c o m p le x i ty  can  be 
"view ed a s  a s e r i e s  o f  s e q u e n t i a l  e v e n t s :  each s u c c e e d in g  s t e p  i s
based  on s a t i s f a c t o r y  c o m p le t io n  o f  a  p re c e d in g  even t" .  Thus, th e  
d eg ree  o f  c o m p lex i ty  o f  a d e v e lo p m e n ta l  e v e n t  o r  p ro c e s s  i s  i n v e r s e l y  
r e l a t e d  t o  th e  c o n s e rv a t io n  o f  t h a t  e v e n t  th rough  t im e .  J u s t  a s  Lynn's 
h y p o th e s i s  r e l a t e s  i n t e r s p e c i f i c  d i f f e r e n c e s  i n  s t r u c t u r e s  o f  low 
b i o l o g i c a l  o r g a n iz a t io n  (e.g. t h e  s o m a t ic  k i n e t i d )  to  m ost a n c i e n t  
common a n c e s t r y ,  the  d ev e lo p m en ta l  c o n s e rv a t i s m  h y p o th e s i s  s u g g e s t s  th e  
same f o r  "p r im ary"  deve lopm en ta l  e v e n t s  (e.g. o r g a n e l l a r  o r  o r g a n e l l a r  
com plex developm ent) .
A q u e s t i o n  a r i s e s  from the  p re c e d in g  c o n s i d e r a t i o n s :  i f
d i f f e r e n c e s  i n  p r im ary  s t r u c t u r e  o r  developm ent r e f l e c t  a n c i e n t  
d iv e rg e n c e  o f  2 taxa , shou ld  s i m i l a r i t i e s  i n  i n c r e a s i n g l y  com plex 
s t r u c t u r e  o r  l a t e r  " s ta g e s "  of d e v e lo p m e n ta l  p ro c e s s e s  be v iew ed  as  
i n d i c a t i v e  o f  more r e c e n t  d iv e rg e n c e  and, th u s ,  a  c l o s e r  p h y lo g e n e t ic  
r e l a t i o n s h i p ?  The q u e s t io n  cannot be answ ered  e m p h a t i c a l l y .  I f  
e x a m in a t io n  o f  e s t a b l i s h e d  c o n s e r v a t iv e  s t r u c t u r a l  o r  d e v e lo p m e n ta l
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c h a r a c t e r s  r e v e a l s  p ro b a b le  a n c i e n t  common a n c e s t r y ,  i t  i s  r e a s o n a b le  
to  p roceed  to  th e  n e x t  l e v e l  o f  c o n s e r v a t i s m :  c o n s id e r a t io n  o f
c h a r a c t e r s  b e l ie v e d  to  be i n c r e a s i n g l y  l e s s  c o n s e r v a t iv e .  Care m ust be 
ta k en ,  however, when " sk ip p in g  s te p s " .  S h a r in g  o f  h ig h ly  c o n s e r v a t iv e  
and m in im a l ly  c o n s e r v a t iv e  c h a r a c t e r s  does n o t  prove r e c e n t  d iv e rg e n c e  
and c lo s e  r e l a t e d n e s s .  E x a m in a t io n  o f  m o d e ra te ly  c o n s e rv a t iv e  
c h a r a c t e r s  may r e v e a l  a c h r o n o lo g i c a l l y  i n t e r m e d i a t e  d iv e rg e n c e ,  i n  
w hich case  th e  m in im a l ly  c o n s e r v a t iv e  c h a r a c t e r s  a r e  s h a re d  as  a  r e s u l t  
o f  convergence  o r  p a r a l l e l i s m .  L ik e w ise ,  h ig h ly  c o n s e rv a t iv e  
c h a r a c t e r s  may r e v e a l  n o th in g  ab o u t  r e c e n t  e v o lu t io n .
A n c ien t  a n c e s t r y  i s  r e f l e c t e d  a t  h ig h e r  l e v e l s  o f  a p p r o p r i a t e  
c l a s s i f i c a t i o n  schemes ( C o r l i s s ,  1979). H igh ly  c o n s e r v a t iv e  c h a r a c t e r s  
such as  k i n e t i d  s t r u c t u r e  (Lynn, 1976b; S m a l l  and Lynn, i n  p r e s s )  and 
membrane p a r t i c l e  p a t t e r n s  (B a rd e le ,  1980) may be u s e f u l  f o r  
c l a s s i f i c a t i o n  a t  th e  c l a s s  o r  s u b c l a s s  l e v e l  (Lynn, 1981). Such 
d ev e lo p m en ta l  phenomena as  p a t t e r n s  o f  k in e to so m e  r e p l i c a t i o n  m igh t be 
s i m i l a r l y  i n s t r u c t i v e .  C onverse ly ,  lo w e r  l e v e l  c l a s s i f i c a t i o n  shou ld  
r e f l e c t  o b s e r v a t io n s  o f  i n c r e a s i n g l y  l e s s  c o n s e r v a t iv e  c h a r a c t e r s .  
L engths  and numbers o f  rows o f  c i r r i ,  f o r  exam ple , may s e rv e  as 
s u i t a b l e  i n d i c e s  f o r  c l a s s i f i c a t i o n  to  genus o r  s p e c ie s ,  A 
d ev e lo p m en ta l  e q u i v a l e n t  m igh t in v o lv e  p a t t e r n s  o f  l a t e  c i r r a l  
m i g r a t i o n  d u r in g  c e l l  d iv i s i o n .  Thus, i t  i s  p o s s i b l e  to  e r e c t  
t e n t a t i v e  taxonom ic h i e r a r c h i e s  f o r  s y s t e m a t i c a l l y  im p o r ta n t  c h a r a c t e r s  
based on th o se  c h a r a c t e r s '  r e l a t i v e  c o n s e rv a t i s m  (Table 14).
One f i n a l  c o n s id e r a t io n  i s  i n  o r d e r  f o r  p o t e n t i a l  u s e r s  o f  the  
above m en tioned  h i e r a r c h i e s .  To my know ledge, no s i n g l e  c h a r a c t e r i s t i c  
i s  a b s o lu t e  f o r  r e l a t e d n e s s  a t  any taxonom ic  l e v e l .  C l a d i s t i c  a n a l y s i s
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(Lipscomb and R iordan , 1982) o f  c h a r a c t e r s  o f  v a r y in g  d e g re e s  o f  
b i o l o g i c a l  o r g a n i z a t i o n  i n  a wide a s s o r tm e n t  o f  P r o t i s t s  r e v e a le d  "a 
s i g n i f i c a n t  amount o f  r e v e r s a l s ,  c o n v e rg e n c ie s ,  and p a r a l l e l i s m s "  even 
i n  u l t r a s t r u c t u r a l  c h a r a c t e r s .  C l a s s i f i c a t i o n  schem es based s o l e l y  on 
r e l a t i v e  s t r u c t u r a l  c o n s e rv a t is m  a re  t h e r e f o r e  s u s p e c t .  S im i l a r  
a n a l y s i s  o f  m o rp h o g en e tic  f e a t u r e s  has no t been conduc ted ,  bu t i t  i s  
r e a s o n a b le  to  p r e d i c t  t h a t  a lm o s t  any taxonom ic  sy s te m  no t based  on a 
" c o n s t e l l a t i o n  o f  c h a r a c t e r s "  ( C o r l i s s ,  1979) would be s u p e r f i c i a l  a t  
b e s t  and would a lm o s t  c e r t a i n l y  f a i l  t o  r e f l e c t  th e  m ost im p o r ta n t  
e v o l u t io n a r y  t r e n d s  i n  many groups.
C oncepts  o f  M orphogenetic  P a t t e r n i n g  
C i l i a r y  C la s s e s  and T h e i r  P o s s ib le  O r ig in s
B o rro r  (1979) p roposed  the  r e c o g n i t i o n  o f  3 to p o g r a p h i c a l l y  and 
d e v e lo p m e n ta l ly  d i s t i n c t  ty p e s  o f  h y p o t r i c h  c i l i a t u r e :  b ucca l,
f r o n t a l ,  and s o m a t ic .  These te rm s  have a l r e a d y  been d e f in e d  and were 
used as  th e  b a s i s  f o r  p r e s e n t a t i o n  o f  much i n f o r m a t i o n  i n  th e  "R e su lts "  
s e c t i o n  o f  t h i s  d i s s e r t a t i o n .  F r o n ta l  c i l i a t u r e  was assumed to  be 
" p o s i t i o n a l l y  and d e v e lo p m e n ta l ly  c l o s e r  to  b u c c a l  c i l i a t u r e  th a n  to  
s o m a t ic  c i l i a t u r e " .  An e x te n s io n  o f  t h i s  l i n e  o f  r e a s o n in g  i s  t h a t  the  
f r o n t a l  c i l i a t u r e ,  a p p a r e n t ly  unique to  th e  h y p o t r i c h s ,  m igh t have 
a r i s e n  th ro u g h  a p r o g r e s s iv e  in c r e a s e  i n  th e  number o f  s t r e a k s  a d ja c e n t  
to  th e  b u cca l  c a v i ty .  The o r d e r ly  app ea ran ce  o f  th e  v a ry in g  numbers o f  
s t r e a k s  seems to  s u p p o r t  such an id e a .  The f i r s t  2 s t r e a k s  a re  
c o n s id e re d  bucca l s t r e a k s  and g iv e  r i s e  to  th e  e n d o r a l  and p a r o r a l  
membranes r e s p e c t i v e l y .  F r o n ta l  s t r e a k s  I - n ,  th en ,  would produce 
v a ry in g  numbers o f  a s s o r t e d  F-V-T c i r r i ,  w hich i s ,  i n  f a c t ,  th e  case. 
The a p p a re n t  r e l a t i o n s h i p  was f u r t h e r  s u p p o r te d  i n  t h a t  a t  l e a s t  1 of
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th e  F-V-T c i r r i ,  th e  p a r o r a l  c i r r u s ,  a r i s e s  a t  th e  a n t e r i o r  end o f  th e  
p a r o r a l  s t r e a k .  The so m a t ic  c i l i a t u r e  ap p ea red  t o  have a s p a t i a l l y  
d i s t i n c t  o r i g i n  and s o m a t ic  d ev e lo p m en ta l  p r o c e s s e s  ( s t r e a k s  o f  
k in e to so m es  a r i s i n g  w i th in  p a r e n t a l  rows o f  c i l i a  o r  c i r r i )  seemed 
somewhat d i f f e r e n t  as  w e ll .
U n fo r tu n a te ly ,  J e rk a -D z ia d o s z 's  (1980, 1981a,b , 1982) e x t e n s i v e  
d ev e lo p m en ta l  and u l t r a s t r u c t u r a l  s t u d i e s  o f  P a r a u r o s t v l a  w e i s s e i  
f a i l e d  to  su p p o r t  B o r ro r 's  (1979) p r o p o s i t i o n .  The d e v e lo p in g  p a r o r a l  
and e n d o ra l  membranes a re  s i g n i f i c a n t l y  d i f f e r e n t  i n  b o th  f o r m a t io n  and 
o r i e n t a t i o n  from  th e  d ev e lo p in g  c i l i a r y  s t r e a k s .  A d d i t i o n a l l y ,  
d e v e lo p in g  F-V-T, m a rg in a l  and d o r s a l  c i l i a r y  s t r e a k s  a r e  v i r t u a l l y  
i d e n t i c a l .  T h is  a p p a re n t  r e l a t i o n s h i p  be tw een  f r o n t a l  and s o m a t ic  
c i l i a t u r e  may a l lo w  f u r t h e r  i n s i g h t  i n t o  th e  e v o l u t i o n  o f  o x y t r i c h i n e  
c i l i a r y  groups.
We can p o s t u l a t e  th e  e x i s t e n c e  o f  an a n c e s t r a l  " p r e - h y p o t r i c h "  
w i th  v e n t r a l l y  l o c a te d  so m a t ic  row3 o f  c i r r i  and no f r o n t a l  c i r r i .  
D o rsa l b r i s t l e  rows would be produced  by t y p i c a l  s o m a t i c  " in  row" 
p r o l i f e r a t i o n  o f  k ine to som es .  A lthough no known e x t a n t  h y p o t r i c h  f i t s  
t h i s  d e s c r i p t i o n  p r e c i s e ly ,  t h e r e  a r e  numerous n o n - u r o s t y l i n e  
h y p o t r i c h s  w i th  v a ry in g  numbers o f  v e n t r a l l y  l o c a t e d  l o n g i t u d i n a l  rows 
o f  c i r r i  which develop  v ia  " in  row" p r o l i f e r a t i o n .  P e rh ap s  th e  m ost 
ex tre m e  o f  th e s e  i s  E p i c l i n t e s  w hich i s  dom ina ted  v e n t r a l l y  by s o m a t ic  
c i l i a t u r e  (Wicklow, 1979b). D ev e lo p m en ta lly ,  f r o n t a l  c i l i a t u r e  i s  
l i m i t e d  to  a s i n g l e  s t r e a k  w hich fo rm s  o n ly  i n  th e  o p i s t h e  and p ro d u ces  
a s h o r t  row o f  5 f r o n t a l  c i r r i .  The c o r re s p o n d in g  c i r r i  i n  th e  p r o t e r  
deve lop  as s o m a t ic  c i r r i  as do a l l  o th e r  v e n t r a l  row s i n  b o th  p r o t e r  
and o p is th e .  The p o s t e r i o r  s t r e a k s  a r i s e  from an a r e a  Wicklow te rm ed
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th e  "cau d a l"  prim ord ium . This  p r im o rd iu m  y i e l d s  many s t r e a k s  a r i s i n g  
from  or  w i th i n  a s i n g l e ,  i s o l a t e d  f i e l d  o f  k in e to so m e s  and i n  t h i s  i s  
no t  u n l ik e  th e  " v e n t r a l  p r im o rd ia "  (Wicklow, 1981) o f  P se u d o u ro s tv la .  
Both ty p e s  may be i n t e r p r e t e d  as m o d if ie d  s o m a t i c  c i l i a t u r e  i n  i s o l a t e d  
l i n e s  o f  h y p o t r i c h s .  The numerous t r a n s v e r s e  c i r r i  o f  E p i c l i n t e s  form 
s i n g l y  a t  th e  ends o f  each s t r e a k  ( i n c l u d in g  th e  s i n g l e  o p i s th e  f r o n t a l  
s t r e a k ) .
O ther h y p o t r i c h s  have p r o g r e s s i v e l y  l e s s  s o m a t i c a l l y  o r i g i n a t e d  
c i l i a t u r e  and more o f  f r o n t a l  o r ig i n -  W a l la c k ia  sv .  ( p e r s o n a l  
o b s e r v a t io n )  has  v a ry in g  numbers o f  l o n g i t u d i n a l  row s and p roduces  i t s  
s c a n t  f r o n t a l  c i l i a t u r e  (M-5 c i r r i )  from  2 s t r e a k s .  C la d o t r ic h a  
-k o l tz o w ii  (B o rro r  and Evans, 1979) i s  d e v e lo p m e n ta l ly  s i m i l a r  to  
W a l la c k ia .
P a r a u r o s tv l a  w e i s s e i  has s e v e r a l  l o n g i t u d i n a l  row s and p roduces  
i t s  F-V-T c i l i a t u r e  from 3 f r o n t a l  s t r e a k s  (J e rk a -D z ia d o s z ,  1980,
1981a,b, 1982). P a r a u r o s tv l a  hvrnenophora has  2 l o n g i t u d i n a l  rows 
produced  v i a  " in  row" p r o l i f e r a t i o n  (G rim es and L 'H ern au lt ,  1978) and, 
i n  common w i th  P a r a u r o s tv l a  w e i s s e i .  p ro d u ces  3 f r o n t a l  s t r e a k s .  The 
method o f  l o n g i t u d i n a l  s t r e a k  p r o d u c t io n  i n  P a r a u r o s t v l a  s p . ,  
d e m o n s t ra te d  e a r l i e r ,  r e v e a l s  a p o s s i b l e  mechanism f o r  a l e f t w a r d  s h i f t  
o f  k in e to s o m a l  s t r e a k s  from s o m a t ic  to  f r o n t a l  developm ent.  The r i g h t  
l o n g i t u d i n a l  row i s  v e g e t a t i v e  and c o n t r i b u t e s  n o th in g  to  k in e to so m a l  
s t r e a k  p ro d u c t io n .  The l e f t  row, on th e  o t h e r  hand, d e d i f f e r e n t i a t e s  
to  produce 2 k in e to s o m a l  s t r e a k s  w hich d ev e lo p  i n t o  th e  l e f t  and r i g h t  
l o n g i t u d i n a l  rows. The l o s s  o f  d e v e lo p m e n ta l  s i g n i f i c a n c e  by th e  r i g h t  
l o n g i t u d i n a l  row removes a m a jo r  im p ed im en t to  e v o lu t io n a r y  l o s s  o f  th e  
e n t i r e  row. The phenomenon o f  e v o l u t io n a r y  o l i g o m e r i z a t i o n  r e c o g n iz e d
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by P o l j a n s k i  and Raikov (1976) as  a mechanism o f  r e c e n t  c i l i a t e  
e v o l u t io n  s u p p o r t s  th e  l i k e l i h o o d  o f  such a lo s s .  F u r th e rm o re ,  
o b j e c t i v e  s u p p o r t  l i e s  i n  th e  o b s e r v a t io n  o f  a s i m i l a r  p ro c e s s  
o c c u r r in g  i n  th e  r i g h t  l o n g i t u d i n a l  row o f  P a r a u r o s tv la  w e is s e i .  I  
su g g e s t  th e  p o s s i b i l i t y  o f  an a n c e s t r a l  form w ith  an a d d i t i o n a l  r i g h t  
m a rg in a l  row. The onus o f  d e v e lo p m en ta l  a c t i v i t y  s h i f t e d  from t h i s  row 
to  th e  n e x t  row to  th e  l e f t  and th e  a p p a re n t  t r e n d  tow ard  
o l i g o m e r i z a t i o n  r e s u l t e d  i n  th e  e v e n tu a l  l o s s  o f  th e  r i g h t  l o n g i t u d i n a l  
row. C o n t in u a t io n  of t h i s  s c e n a r io  i n  a l i n e  o f  h y p o t r i c h s  i n i t i a l l y  
p roduc ing  3 f r o n t a l  s t r e a k s  cou ld  e v e n t u a l l y  r e s u l t  i n  fo rm s  w i th  a 
s i n g l e  l o n g i t u d i n a l  row and H o r  5 f r o n t a l  s t r e a k s  such  as  A m p h is ie l la  
(Wicklow, 1982; Hemberger, 1982) o r  T ra c h e lo c h a e ta .  G a s t r o s tv l a .  o r  
P a r a g a s t r o s t v l a  (Hemberger, 1982). F i n a l l y ,  l o s s  o f  th e  l o n g i t u d i n a l  
row would p roduce  a  v e ry  O x v t r ic h a - l i k e  c i l i a t e .
C h a ra c te r  S t a t u s  o f  M orphogenetic  P a t t e r n s
F r o n t o - b u c c a l - f i e l d .  R e g a rd le s s  o f  i t s  e v o l u t io n a r y  o r i g i n ,  th e  
f r o n t a l  c i l i a t u r e  i s  an im p o r ta n t  ta x o n o m ic / s y s te m a t ic  c h a r a c t e r .
B o rro r  (1979) in t ro d u c e d  th e  concep t o f  the  f r o n t o - b u c c a l - f i e l d  as  a 
m orpho log ic  c h a r a c t e r  and d e m o n s t ra te d  th e  s y s t e m a t i c  i n c o m p a t a b i l i t y  
o f  v a r io u s  h y p o t r i c h s  p r e v io u s ly  a s s ig n e d  to  th e  H o lo s t i c h id a e  and 
U r o s ty l id a e .  The f r o n t o - b u c c a l - f i e l d  p a t t e r n  sh a re d  by th e s e  f a m i l i e s  
and s e v e r a l  o th e r s  (B orro r  and Wicklow, 1983; Wicklow, 1981) i s  a 
l o n g i t u d i n a l  s e r i e s  o f  abou t 12 o b l iq u e  s t r e a k s  o f  k in e to so m es .  These 
s t r e a k s  g iv e  r i s e  to  a " ty p i c a l "  u r o s t y l i n e  v e n t r a l  c i l i a t u r e  
e x h i b i t i n g  a l o n g i t u d i n a l l y  o r i e n t e d  " z ig -z a g "  p a t t e r n  o f  r a id - v e n t r a l  
c i r r i .  S p ec ie s  i n  which t h i s  p a t t e r n  ex ten d s  a s h o r t e r  th a n  av e ra g e  
d i s t a n c e  tow ard  th e  p o s t e r i o r  end o f  the  c e l l ,  p o s se s s  a f r o n t o -
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b u c c a l - f i e l d  o f  p r o p o r t i o n a t e l y  few er  o b l iq u e  s t r e a k s  (Hemberger,
1982).
The f r o n t o - b u c c a l - f i e l d  p a t t e r n  observed  i n  members o f  th e  
s u b o rd e r  O x y tr ic h in a  d i f f e r s  d r a m a t i c a l ly  from th e  above d e s c r ib e d  
u r o s t y l i n e  p a t t e r n .  The o x y t r i c h in e  p a t t e r n  may be d e s c r ib e d  as a more 
o r  l e s s  l a t i t u d i n a l l y  o r i e n t e d  s e r i e s  o f  2 o r  more l o n g i t u d i n a l  s t r e a k s  
o f  k in e to so m es .  The upper  l i m i t  i s  u s u a l ly  5 -6  s t r e a k s  a l th o u g h  th e  
d i f f e r e n c e  be tw een  f r o n t a l  and lo n g i t u d i n a l  s t r e a k s  may be u n c l e a r  i n  
fo rm s w i th  numerous l o n g i t u d i n a l  rows o f  c i r r i .  Thus, i f  th e  " in  row"
s t r e a k s  o f  P a r a u r o s t v l a  w e i s s e i ,  which develop  i n  a s e r i a l  p a t t e r n  w i th
th e  l e f t m o s t  f r o n t a l  s t r e a k s  and g iv e  r i s e  p o s t e r i o r l y  to  t r a n s v e r s e  
c i r r i ,  a r e  c o n s id e re d  f r o n t a l  s t r e a k s ,  sensu  l a t o .  th e  t o t a l  number o f  
f r o n t a l  s t r e a k s  may be a s  h ig h  as 8 o r  so.
U n ited  f r o n t o - b u c c a l  f i e l d . For y e a r s ,  on ly  the  members o f
Jan k o w sk i’s (1980) E u p lo t in a  and Wicklow's (1982b) D is c o c e p h a l in a  were 
b e l ie v e d  to  p o s s e s s  a s i n g l e ,  u n i te d  f r o n t o - b u c c a l - f i e l d  d u r in g  e a r l y  
s t a g e s  o f  c e l l  d i v i s i o n .  P o sse s s io n  o f  such a f i e l d  by Tachvsoma 3 P .  
(C ulberson , 1979) was b e l i e v e d  to  be an anom alous o c c u r re n c e  n o t  
i n d i c a t i v e  o f  any c l o s e  r e l a t i o n s h i p  w ith  th e  e u p l o t i n e s  o r  
d i s c o c e p h a l in e s .  H em berger 's  (1982) r e v e l a t i o n  o f  th e  w id e sp re a d  
o c c u r re n c e  o f  t h i s  c h a r a c t e r  i n  s o i l  d w e l l in g  o x y t r i c h i n e s  d e m o n s t r a te s  
t h a t  th e  s i n g l e  f r o n t - b u c c a l - f i e l d  may se rv e  as  a m o rp h o g en e t ic  
c h a r a c t e r  d i a g n o s t i c  o f  some n o n -e u p lo t in e  g roups as  w e l l .  C au tio u s  
use  o f  such a c h a r a c t e r  i s  in  o rd e r  though. O b s e rv a t io n  o f  e a r l i e s t  
p o s s ib le  f r o n t a l  p r o l i f e r a t i o n  o f  k ine to som es  i s  r e q u i r e d  to  make a 
d e c i s io n  as  to  s i n g l e  f r o n t o - b u c c a l - f i e l d  o r ig i n s .  The a s s u m p tio n  was 
t h a t  th e  doub le  f i e l d  was th e  s ta n d a rd  i n  th e  O x y tr ic h in a .  I t  now
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seems l i k e l y  t h a t  fo rm s  once b e l ie v e d  to  i n i t i a l l y  p o s se s s  s e p a r a t e  
p r o t e r  and o p i s th e  f i e l d s  may in  f a c t  b eg in  f r o n t a l  c o r t i c a l  
d eve lopm en t w i th  o n ly  1. An a l t e r n a t i v e  p o s s i b i l i t y ,  however, a l3 0  
a r i s e s ,  t h a t  the  o c c u r re n c e  o f  a 3 in g ie  f i e l d  in  o x y tr ic h in e s  i s  m erely  
a s p e c i a l i z e d  a d a p t a t i o n  to  th e  c o n s t r a i n t s  o f  th e  s o i l  h a b i t a t .  I  
b e l i e v e  t h a t  f u l l  u n d e r s ta n d in g  o f  th e  phenomenon w i l l  r e q u i r e  
c o n s id e r a b le  f u r t h e r  i n v e s t i g a t i o n  o f  g e n e ra  w i th  s p e c ie s  from a 
v a r i e t y  o f  h a b i t a t s  as  w e l l  a s  r e - e v a l u a t i o n ,  by a l l  h y p o t r i c h  
b i o l o g i s t s ,  o f  p r e v io u s ly  s tu d ie d  and s t o r e d  perm anent spec im ens . I t  
i s  c l e a r  t h a t  p o s s e s s io n  o f  a u n i t e d  f r o n t o - b u c c a l - f i e l d  by members of 
th e  O x y t r ic h in a  i s  a  common, non-anom alous o c c u r re n c e .
O ra l  p r im o r d i a l  k in e to so m e  d e r i v a t i v e s .  S ince  e a r l y  p a t t e r n s  o f  
c i l i a r y  f i e l d  developm ent may be used as i n d i c e s  f o r  d e t e r m in a t io n  o f  
e a r l y  common a n c e s t r y  i n  th e  H y p o tr ic h id a ,  i t  i s  l o g i c a l  to  p ropose  
t h a t  i n i t i a l  p r im o r d i a l  dep loym ent o f  k in e to so m e s  would r e p r e s e n t  a 
s i m i l a r l y  u s e f u l  to o l .  A s t r o n g  t re n d  i n  th e  O x y tr ic h in a  i s  th e  
a p p a re n t  p a r a k i n e t a l  a s s o c i a t i o n  o f  t r a n s v e r s e  c i r r u s  1 w i th  the  
e a r l i e s t  b e g in n in g s  o f  o p i s th e  o r a l  p r i m o r d i a l  developm ent. I t  i s  on ly  
a t r e n d ,  however, and no t a r u l e  s in c e  a t  l e a s t  3 o th e r  e a r l y  o r a l  
p r im o r d ia l  d e v e lo p m e n ta l  o r i g i n s  e x i s t .  In  2 o f  th e se  c a se s  ( a l s o  more 
o r  l e s s  p a r a k i n e t a l )  the  o r a l  prim ord ium  o r i g i n a t e s  i n  a s s o c i a t i o n  w ith  
e i t h e r  a  v e n t r a l  l o n g t i t u d i n a l  row o f c i r r i  as i n  A m p h is ie l la  m a rio n i  
(Wicklow, 1982) o r  from d e d i f f e r e n t i a t i o n  o f  1 o r  more i s o l a t e d  p o s t  
b u cca l  c i r r i  as  i n  Tachvsoma (C ulberson , 197^; Hemberger, 1982). The 
4 th  o r a l  p rim ord ium  o r ig i n ,  a p o k in e ta l  o r  nde novo" was r e p o r t e d  in  a 
few s p e c ie s  o f  O x v tr ic h a  as  w e l l  as C la d o t r i c h a  k o l t z o w i i  (B orro r  and 
Evans, 1979) and p o s s ib ly  P seu d o u ro le p tu s  (Hemberger, 1982). O ften
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ev id e n c e  o f  e a r l y  a s s o c i a t i o n  w i th  a t r a n s v e r s e  c i r r u s  i s  l o s t  as  the  
o r a l  p rim ord ium  ex ten d s  a n t e r i o r l y .  In  some c a se s ,  th e  r e p o r t s  o f  de 
novo o r i g i n  may s im p ly  be th e  r e s u l t  o f  o b s e r v a t i o n  s i f te r  an e a r l y  
p a r a k i n e t a l  o r ig in . .  H em berger's  (1982) d e s c r i p t i o n  o f  e a r l y  
s to m a to g e n e s i s  i n  O x v tr ic h a  s i m i l i s  in c lu d e s  c[e novo p r o l i f e r a t i o n  o f  
k in e to so m e s ,  w h i le  I  o bserved  th e  t y p i c a l  t r a n s v e r s e  c i r r u s  a s s o c i a t e d  
p a r a k i n e t a l  o r i g i n  i n  my own p o p u la t io n .
A lthough c e r t a i n  p o s s i b l e  " l i n e s "  o f  h y p o t r i c h  e v o l u t io n  seem to  
e x h i b i t  s p e c i f i c  " t r e n d s "  o f  e a r l y  o p i s th e  o r a l  p r im o r d ia l  developm ent,  
each  o f  th e  above v a r i e d  o r i g i n s  can be found in  m ost of th e  a p p a re n t  
g ro u p in g s  w i t h i n  th e  O x y tr ic h in a .  Thus, e a r l i e s t  s to m a to g e n ic  p a t t e r n s  
sh o u ld  n o t  be c o n s id e re d  c o n s e r v a t iv e  c h a r a c t e r s  and, i n  many c a s e s ,  
may r e p r e s e n t  n o th in g  more th a n  r e c e n t  a n c e s t r a l  a d a p t a t i o n s  tow ard  
o r a l  p r im o r d i a l  a s s o c i a t i o n  w i th  " n e a r e s t  ne ighbo r"  p a r e n t a l  c i l i a r y  
s t r u c t u r e s  o r  none a t  a l l .
I n t e r p h a s e  C h a ra c te r s
F o i s s n e r  (1982) su g g e s te d  t h a t  low c o e f f i c i e n t s  o f  v a r i a t i o n  
(0 .0-2 .80) f o r  c e r t a i n  m o rp h o lo g ic a l  c h a r a c t e r s  i n d i c a t e s  h ig h  v a lu e  
f o r  s p e c i e s  d ia g n o s i s .  T h is  i s  c e r t a i n l y  t r u e ,  a l th o u g h  where i n t e r ­
s p e c ie s  v a r i a t i o n  f o r  a g iv e n  c h a r a c t e r  i s  a l s o  r e l a t i v e l y  low (as  f o r  
th e  b i -m a c ro n u c le a te  c o n d i t i o n  e n c o u n te re d  in  most o f  th e  O x y tr ic h in a ) ,  
th e  u t i l i t y  o f  the  c h a r a c t e r  f o r  s p e c i e s  d i f f e r e n t i a t i o n  d e c r e a s e s  
d r a m a t i c a l l y .
O ra l  s t r u c t u r e s .  H y p o tr ich  o r a l  s t r u c t u r e s  ( th e  AZM, p a r o r a l  and 
e n d o ra l  membranes) have a f a i r l y  s t a n d a r d i z e d  g e n e r a l  morphology. 
M o d i f ic a t io n s  i n  s i z e  and shape occu r  bu t th e  b a s ic  c o n s t r u c t i o n  i s  
e s s e n t i a l l y  the  same th ro u g h o u t  the  o rd e r .  U l t r a s t r u c t u r a l  d i f f e r e n c e s
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o ccu r ,  such  as  i n t e r t a x i e  v a r i a t i o n s  i n  p a r o r a l  membrane k in e ty  
numbers, bu t th e  m acro m o rp h o lo g ic  r e s u l t s  a r e  s i m i l a r .
My own s t u d i e s ,  a s  w e l l  a s  F o i s s n e r ' s  (1982) r e v e a l  m ode ra te  
i n t r a s p e c i e s  v a r i a t i o n  (C.V. < 12) a s  a r u l e  f o r  numbers o f  a d o ra l  
m em b ran e l le s .  T h is  i s  p ro b a b ly  r e l a t e d  t o  th e  s i z e  o f  the  b u cca l  
c a v i ty  ( a l s o  o n ly  m o d e ra te ly  v a r i a b l e  i n  my p o p u la t io n s )  such t h a t  
i n c r e a s i n g l y  l a r g e r  b u c c a l  c a v i t i e s  a r e  b o rd e re d  by I n c r e a s i n g l y  h ig h e r  
numbers o f  m em b ran e l le s .
P a r o r a l  and e n d o r a l  membranes a r e  t y p i c a l l y  p r e s e n t  a l th o u g h  
e n d o ra l  s t r u c t u r e s  may be o f  v a r i a b l e  o c c u r re n c e .  I  found no ev id en ce  
o f  an EM i n  i n t e r p h a s e  c e l l s  o f  O x v tr ic h a  a u a d r i n u c l e a t a . D ragesco and 
Njinfe (1971) found n o t  o n ly  an e n d o ra l  membrane i n  an A fr ic a n  
p o p u la t io n  o f  a p p a r e n t ly  th e  same s p e c i e s ,  b u t  d e s c r ib e d  an a d d i t i o n a l  
s h o r t ,  " r e c t i l i n e a r "  p r e o r a l  membrane l y i n g  deep i n  th e  b u cca l  c a v i ty .  
Ammerman and S c h le g e l  (1983) found  p o p u la t io n s  o f  S tv lo n v c h ia  m v t i lu s  
a p p a r e n t ly  l a c k in g  an  e n d o r a l  membrane.
P a r o r a l  membranes e x h i b i t  v a r y in g  d e g re e s  o f  h y p e r tro p h y  a n d /o r  
l e f t w a r d  c u r v a tu r e .  Kahl (1932) c o n s id e r e d  th e  genus S t e i n i a  D ies in g ,  
1866 ( i d e n t i f i e d  by i t s  h y p e r t r o p h ie d  p a r o r a l  membrane) a subgenus o f  
O x v tr ic h a . B o rro r  (1972) echoed K ah l 's  d e c i s i o n  because  of in a d e q u a te  
d e s c r i p t i o n s  o f  u n d u la t in g  membrane s t r u c t u r e .  T h is  s h o r ta g e  was 
rem ed ied  t o  a c e r t a i n  e x t e n t  (F o is s n e r ,  1982; and o th e r s ) .  I t  now 
a p p e a rs  t h a t  p a r o r a l  h y p e r t ro p h y  and c u r v a t u r e  i s  c e r t a i n l y  o f  
taxonom ic im p o r ta n c e ,  b u t  e v a l u a t i o n  o f  i t s  l e v e l  o f  g e n e r i c  d ia g n o s t i c  
im p o r ta n c e  sh o u ld  p ro b a b ly  a w a i t  f u r t h e r  s tu d y .  My SEM m ic ro g rap h  o f  
th e  o r a l  a r e a  o f  0_. a u a d r i n u c l e a t a  i s  th e  o n ly  u l t r a s t r u c t u r a l  
p r e s e n t a t i o n  and no i n f r a c i l i a r y  i n f o r m a t i o n  on th e  c h a r a c t e r  i s
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a v a i l a b l e .  A d d i t i o n a l l y ,  K ahl’s c a r e f u l  r e n d e r in g  o f  th e  o r a l  a r e a  o f  
0, p la tv 3 to m a  seems q u i t e  d i f f e r e n t  from t h a t  observed  i n  .0. 
o u a d r in u c l e a t a  (see  F ig .  23 f o r  com parison).  I  b e l ie v e  t h a t  d e t a i l e d  
u l t r a s t r u c t u r a l  s tu d y  i s  needed to  a s c e r t a i n  th e  p h y lo g e n e t ic  
im p o r ta n c e  o f  th e  s t r u c t u r e  w i th  any c e r t a i n t y .
F-V-T c i r r a l  P lacem en t .  C le a r ly ,  c e r t a i n  p a t t e r n s  o f  p lacem en t o f  
f r o n t a l ,  v e n t r a l ,  and t r a n s v e r s e  c i r r i  a r e  f a i r l y  s t a b l e  and d i a g n o s t i c  
o f  v a r io u s  g roups o f  h y p o t r i c h s .  S tv lo n v c h ia .  O xv tr icha .  Tachvsoma. 
H i s t r i c u l u s .  and P a r a s tv lo n v c h ia  a r e  s i m i l a r  i n  t h i s  r e g a r d  and c i l i a r y  
p la cem e n t  i n  o t h e r  g e n e ra ,  P l e u r o t r i c h a .  f o r  exam ple, may be 
i n t e r p r e t e d  as  v a r i a t i o n s  on t h a t  theme. Where s i m i l a r  p a t t e r n s  o f  
c i r r a l  dep loym ent a r e  coup led  w i th  l i k e  p a t t e r n s  o f  c i r r a l  developm ent.  
i t  i s  p ro b a b ly  s a f e  to  assume i n t e r r e l a t e d n e s s  (see  B o rro r  and Wicklow, 
1982 f o r  d i s c u s s i o n  o f  th e  c o n v e rse  c o n d i t io n ) .
M arg in a l  c i r r a l  row s. The number o f  m a rg in a l  c i r r a l  row s showed 
no v a r i a t i o n  i n  any o f  th e  s p e c i e s  I  s tu d ie d .  J e f f r i e s  and M e llo t  
(1968) and W alker and Grim (1973) o bserved  v a r i a t i o n  i n  l e f t  m a rg in a l  
row numbers i n  s p e c i e s  o f  P l e u r o t r i c h a  and G a s t r o s tv l a ,  r e s p e c t i v e l y ,  
as d id  B o rro r  and Wicklow (1983) f o r  members o f  th e  U r o s ty l in a .
P a r a u r o s tv l a  so . o f t e n  r e t a i n s  a p o r t i o n  o f  th e  p a r e n t a l  r i g h t  
v e n t r a l  l o n g i t u d i n a l  c i r r a l  row f o l l o w i n g  c e l l  d i v i s i o n  and i t  i s  
l i k e l y  t h a t  o rg an ism s  w i th  th e  same ty p e  o f  l o n g i t u d i n a l  row 
developm ent,  such a s  P se u d o u ro le o tu s  Hemberger, 1982 m igh t e x h i b i t  
s i m i l a r  m o rp h o lo g ic a l  v a r i a t i o n .  O ccu rrences  o f  t h i s  r e l i c t  row o f  
c i r r i  cou ld  be i n t e r p r e t e d  i n  in t e r p h a s e  c e l l s  as  a v a r i a t i o n  i n  r i g h t  
m a rg in a l  row numbers. Thus, u se  o f  th e  c h a r a c t e r  f o r  s p e c ie s  
i d e n t i f i c a t i o n  may n o t  be a d v i s a b le  and shou ld  c e r t a i n l y  be accom panied
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by i n v e s t i g a t i o n  o f  the  dev e lo p m en ta l  o r i g i n s  o f  a p p a r e n t  m a rg in a l  
row s.
D o rsa l  k l n e t l e 3 . The numbers of d o r s a l  k i n e t i e s  f o r  o x y t r i c h i n e  
s p e c i e s  a r e  a p p a r e n t ly  v e ry  s t a b l e  (C.V. = 0.0 f o r  a l l  p o p u la t io n s  o f  
my own o b s e rv a t io n ) .  The d o r s a l  k i n e t i e s  may o r i g i n a t e  th ro u g h  both  
" in  row" and r i g h t  m a rg in a l  p r o l i f e r a t i o n  i n  s p e c i e s  w i t h  5 o r  more 
k i n e t i e s  but on ly  th e  fo rm e r  i n  s p e c ie s  w i th  4 o r  l e s s .  For t h i s  
r e a s o n ,  i n t e r - g e n e r i c  and i n t e r - f a m i l i a l  v a r i a t i o n  i n  d o r s a l  k in e ty  
numbers i s  u su a l  and may be c o n s id e re d  ta x o n o m ic a l ly  s i g n i f i c a n t .  In  
some s m a l l  fo rm s such  a s  Tachvsoma sp . , th e  p re s e n c e  o f  r e l i c t  d o r s a l  
b r i s t l e s  (w hich p ro b a b ly  occu r  f r e q u e n t ly  i n  many s p e c i e s )  may c o n fu se  
a t t e m p t s  t o  count th e  row s. In  g e n e ra l ,  however, t h i s  can be a  u s e f u l  
taxonom ic f e a t u r e  i f  s t a i n i n g  p ro c e d u re s  a n d /o r  m ic ro sco p e  f a c i l i t i e s  
a re  ad e q u a te  f o r  th e  r e v e l a t i o n  o f  the  o f t e n  t i n y  d o r s a l  b r i s t l e s .
The c y s t .  W alker and M augel's  (1980) r e c o g n i t i o n  o f  th e  s e p a r a t e  
n a t u r e s  and s y s t e m a t i c  s i g n i f i c a n c e  o f  k in e to so m e  r e s o r b i n g  and non- 
k in e to so m e  r e s o r b in g  c y s t s  i n  v a r io u s  h y p o t r i c h  s p e c i e s  was th e  f i r s t  
and o n ly  a t t e m p t  t o  e x t r a c t  ta x o n o m ic a l ly  u s e f u l  i n f o r m a t i o n  from  t h i s  
f a c e t  o f  h y p o t r i c h  b io lo g y .  T h e ir  o b s e r v a t io n  o f  p ro found  d i f f e r e n c e s  
be tw een  th e  c y s t s  o f  c e r t a i n  e u p lo t in e  h y p o t r i c h s  and th o s e  o f  s e v e r a l  
members o f  th e  O x y tr ic h in a  c e r t a i n l y  s u g g e s t s  t h a t  u s e f u l  m o rp h o lo g ic a l  
a n d /o r  d ev e lo p m en ta l  taxonom ic c h a r a c t e r s  m ig h t  be g le a n e d  from v a r io u s  
a s p e c t s  o f  c y s t  b io lo g y .  They l i s t e d  9 c h a r a c t e r s  i n  5 g e n e r a l  a r e a s  
f o r  com parison  o f  k in e to so m e  r e s o r b in g  and n o n -k in e to so m e  r e s o r b i n g  
c y s t s .  S e v e ra l  o f  th e se ,  such as d i s t i n c t i o n s  o f  c y s t  w a l l  l a y e r  
p r e c u r s o r s  and t h e i r  s i t e s  o f  c o r t i c a l  f u s io n ,  c i l i a r y  r e s o r p t i o n ,  food  
v ac u o le  p r e c u r s o r  r e s o r p t io n ,  m i to c h o n d r ia l  c l u s t e r i n g  and m a c ro n u c le a r
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f u s io n  seem r e a s o n a b le  i n  th e  l i g h t  o f  our p r e s e n t ,  a l b e i t  l i m i t e d  
knowledge o f  c y s t  p ro d u c t io n  and morphology.
C e r t a i n l y  many k in e to so m e  r e s o r b i n g  c y s t s  have 4 c y s t  w a l l  l a y e r s ,  
th e  number l i s t e d  by W alker and Maugel (1980) f o r  O x v tr ic h a  f a l l a x  ( see  
G rim es, 1973), G a s t r o 3 tv l a  s t e i n i i  and S tv lo n v c h la  m v t i lu s .  My own 
o b s e r v a t io n s  o f  c y s t s  o f  P a r a u r o s t v l a  3D., P l e u r o t r i c h a  l a n c e o l a t a .  and 
O v x tr ic h a  a u a d r i n u c l e a t a .  as  w e l l  as  th e  r e p o r t  o f  G u t i e r r e z ,  e t  a l .  
(1983) f o r  Onvchondromus a c u m in a tu s  r e v e a l e d  a s i m i l a r  c o n d i t io n .  I t  
now a p p e a rs ,  however, t h a t  th e  4 l a y e r e d  c y s t  w a l l  c o n d i t i o n  does n o t  
r e p r e s e n t  th e  e x t e n t  o f  c o r t i c a l  l a m e l l a r  c o n s t r u c t i o n  i n  a l l  
k in e to so m e  r e s o r b in g  c y s t s .  R ic c i ,  e t  a l .  (1982) r e p o r t e d  5 c y s t  w a l l
l a y e r s  i n  O x v tr ic h a  b i f a r i a .  th e  i n n e r  3 o f  w hich  co r re sp o n d  
m o rp h o lo g ic a l ly  to  th e  m esocys t ,  e n d o c y s t ,  and g r a n u l a r  l a y e r  o f  th e  4
la y e r e d  c y s t  w a l l  v a r i e t y .  The o u t e r  2 l a y e r s  (w hich  R ic c i ,  e t  a l . ,
1982 named l a m e l l a r  and f i b r o g r a n u l a r )  cou ld  be i n t e r p r e t e d  as  an 
e v o l u t io n a r y  d i v i s i o n  o f  th e  e c t o c y s t  o f  some a n c e s t r a l  s p e c ie s  w i th  a 
4 l a y e r e d  c y s t  w a l l .  These l a y e r s  a r e ,  however, c h e m ic a l ly  d i s t i n c t .  
The i n n e r  l a y e r  a p p a r e n t ly  i s  composed o f  some p o ly s a c c h a r id e  and th e  
o u te r  l a y e r  i s  o f  unknown, bu t n o n - p o ly s a c c h a r id e  co m p o s i t io n .  
S tv lo n v c h ia  p u s t u l a t a  (F ig .  21) a p p a r e n t ly  s h a re s  th e  5 - l a y e r e d  c y s t  
w a l l  c o n d i t io n  o f  C). b i f a r i a .  b u t  e x h i b i t s  a c o n s id e r a b ly  t h i n n e r  w a l l .  
The c y s t  o f  Gonostomum a f f i n e  ( d i s c u s s e d  be low ), w i th  3 d i s t i n c t  c y s t  
w a l l s ,  each  w i th  v a ry in g  numbers o f  l a y e r s ,  i s  o b v io u s ly  d i s t i n c t  from  
c y s t s  o f  any o f  th e  above m en tioned  s p e c ie s .
W alker and Maugel (1980) l i s t e d  w hat they  c o n s id e re d  a p p r o p r i a t e  
v a lu e s  f o r  r a t i o s  o f  c y s t  v o lu m e /v e g e ta t iv e  c e l l  volume ( ^ ° l / T V o l ,  
0 .07-0.15) and c y s t  w a l l  t h i c k n e s s / c y s t  r a t i o s  (^/R, 0.11+0.02) i n
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k ine to som e  r e s o r b in g  c y s t s .  These d e s ig n a t io n s  w ere  p re m a tu re  and 
f a i l e d  to  a p p ro x im a te  i n t e r -  o r  i n t r a s p e c i f i c  v a r i a b i l i t y  i n  e i t h e r  
c h a r a c t e r i s t i c .  C ysts  i n  my own s t u d i e s  had V r v a lu e s  o f  0 .02-0.13 
and C V o l/ iv o i  v a lu e s  ra n g in g  from 0 .19-1 .14, d i s r e g a r d i n g  th e  b i z a r r e  
£ , a f f i n e  c y s t s  w hich would have ex tended  b o th  r a n g e s  even f u r t h e r .  
These v a lu e s  s i g n i f i c a n t l y  o v e r la p  th e  r a t i o s  l i s t e d  by W alker and 
Maugel (1980) f o r  non -k in e to so m e  r e s o r b in g  c y s t s .  V alues c a l c u l a t e d  
from s e v e r a l  o th e r  a u th o r s '  r e p o r t s  on c y s t s  o f  v a r io u s  h y p o t r i c h  
s p e c ie s  s u p p o r t  my o b s e r v a t io n  o f  h ig h  i n t e r s p e c i f i c  v a r i a b i l i t y  i n  th e  
■*VR and C^0V TV ol r a t i o s .  A c o m p i la t io n  o f  known o r  a s c e r t a i n a b l e  ^/R 
and ^ ° V tVo1 r a t i o s  as  w e l l  a s  c y s t  s c u l p t u r i n g  i s  g iv e n  i n  T ab le  15. 
At th e  p r e s e n t  t im e ,  c y s t  s c u l p t u r i n g  a p p e a rs  t o  i n d i c a t e  l i t t l e  o f  
p h y lo g e n e t ic  i n t e r e s t .  Very s i m i l a r  s p e c i e s  (ex. O x v tr ic h a  muscorum 
and (2, a u a d r i n u c l e a t a ) have c y s t s  t h a t  a r e  e x t e r n a l l y  d i s s i m i l a r  and 
r e l a t i v e l y  d i s t i n c t  s p e c ie s  (ex. P a r a u r o s tv l a  sd. and f a l l a x )  have 
s i m i l a r  c y s t s .
The c y s t  o f  Gonostomum a f f i n e  p r e s e n t s  a  d i f f i c u l t  p rob lem  when 
c o n s id e re d  i n  r e l a t i o n  to  o th e r  known c y s t  ty p e s .  I  s u g g e s t  t h a t  i t s  
un ique  s t r u c t u r e  i s  th e  r e s u l t  o f  a d a p t a t i o n  t o  a v e ry  r a p i d l y  
chan g eab le  env iro n m en t.  As a l i c h e n  d w e l l e r ,  j*. a f f i n e  m ust be a b l e  to  
cope w i th  ex trem e  d e s i c c a t i o n  d u r in g  d ry  p e r io d s ,  sudden b u t  b r i e f  
adven t o f  e x c e ss  m o is tu r e  d u r in g  and a f t e r  r a i n s ,  and, p o t e n t i a l l y ,  
r a p id  d ry in g .  While many s p e c ie s  engage i n  a p r e - c y s t i c  p e r io d  o f  
c y to p la s m ic  c o n d e n sa t io n  and w a te r  l o s s ,  a l i c h e n  d w e l l e r  would b e n e f i t  
from the  more r a p id  p ro d u c t io n  o f  some, a t  l e a s t  p a r t i a l l y  d e s i c c a t i o n  
r e s i s t a n t ,  p r o t e c t i v e  w a l l .  I t  i s  p o s s i b l e  t h a t  e l a b o r a t i o n  o f  th e  
s i n g l e  la y e re d  o u t e r  w a l l  o f  G. a f f i n e  c y s t s  i s  j u s t  such an a d a p t a t i o n
65
and t h a t  I t  i s  fo l lo w e d  by a s e r i a l  p r o g r e s s io n  o f  c o n d e n s a t io n  and 
s e l e c t i v e  l o s s  o f  n o n - e s s e n t i a l  c y to p la s m ic  i n c l u s i o n s  c u lm in a t in g  i n  
th e  p ro d u c t io n  o f  a s e c u re  i n n e r  c y s t .  Such a s c e n a r i o  s u g g e s t s  an 
energy  e x p e n s iv e  s a c r i f i c e  o f  cy to p lasm  in  f a v o r  o f  r a p i d  a c q u i s i t i o n  
o f  d e s i c c a t i o n  r e s i s t a n t  c o a t s  p r i o r  to  f i n a l  e n c y s tm e n t .  My 
o b s e r v a t io n  t h a t  th e  " s h e l f  l i f e "  o f  th e s e  c y s t s  i s  s h o r t  (on ly  abou t 
2-3 months) seems to  s u p p o r t  th e  id e a .
I t  i s  c l e a r  t h a t  our c u r r e n t  knowledge o f  c y s t  u l t r a s t r u c t u r e  i s  
s e v e r e l y  l i m i t e d .  L i t t l e  i s  known o f  i n t r a - s p e c i f i c  c y s t  morphology 
v a r i a b i l i t y .  The d i v e r s i t y  e v id e n t  i n  th e  15 o r  so  r e p o r t e d  c y s t s  
s u g g e s ts  a need f o r  f u r t h e r  s t u d i e s .  No i n v e s t i g a t i o n  o f  any 
u r o s t y l i n e  c y s t s  has  been conduc ted  even though many members o f  th e  
U r o s ty l in a  a r e  l i c h e n  o r  s o i l  d w e l l e r s  and a r e  known to  form  c y s t s .  
C ysts  o f  on ly  1 member o f  th e  E u p lo t in a ,  £. scu tum , w ere  i n v e s t i g a t e d  
u l t r a s t r u c t u r a l l y .  I  b e l i e v e  t h a t  s t u d i e s  o f  th e  c y s t s  o f  o t h e r  l i c h e n  
and s o i l  d w e l l in g  h y p o t r i c h s  w i l l  be p a r t i c u l a r l y  r e v e a l i n g  s in c e  th e  
h a rs h  c o n d i t io n s  e n c o u n te re d  i n  such h a b i t a t s  s u g g e s t  s e l e c t i v e  
p r e s s u re s  d i r e c t l y  and d r a m a t i c a l l y  a f f e c t i n g  c y s t  c o n s t r u c t i o n  and 
m a in ta in e n c e .  C ys ts  from s p e c ie s  d w e l l in g  i n  perm anen t ponds and o t h e r  
s i m i l a r l y  more s t a b l e  en v iro n m e n ts  a r e  ex p e c te d  to  ad h e re  more c l o s e l y  
to  Walker and M augel 's  (1980) "norms". U n t i l  more i n f o r m a t i o n  on a 
w id e r  a r r a y  o f  s p e c i e s  i s  a v a i l a b l e ,  i t  i s ,  i n  m ost c a s e s ,  d i f f i c u l t  to  
comment on th e  p h y lo g e n e t ic  i m p l i c a t i o n s  o f  c y s t  s t r u c t u r e .
Secondary O l ig o m e r iz a t io n  i n  S o i l  and L ichen  H y p o tr ic h s
P ro g re s s iv e  o l i g o m e r i z a t i o n  o ccu rs  i n  the  s u b o rd e r  O x y tr ic h in a  
(F a u r6 -F re m ie t ,  1961; P o lJansky  and Raikov, 1976) from  th e  more 
" p r im i t iv e "  fo rm s  w i th  m u l t i p l e  rows o f  c i r r i  to  th e  s c a t t e r e d  c i r r a l
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p la cem e n t o f  th e  "advanced" fo rm s. T h is  can be c o n s id e r e d  a p r im a ry  
t r e n d  i n  th e  s u b o rd e r  and can be d e m o n s t ra te d  i n  m os t o t h e r  g roups  o f  
c i l i a t e s  as  w e l l .  Secondary  o l i g o m e r i z a t i o n  i s  o b se rv ed  i n  s o i l  and 
l i c h e n  d w e l l in g  h y p o t r i c h s  as  w e l l  a s  fo rm s from  th e  m a r in e  
i n t e r s t i t i a l  h a b i t a t  (Wicklow* 1982). The u n a v o id a b le  r e s u l t  i s  t h a t  
s p e c i e s  whose c l o s e s t  p h y lo g e n e t ic  a f f i n i t i e s  a r e  w i th  th e  p r i m i t i v e  
members o f  a ta x o n  may re s e m b le  more c l o s e l y  th e  r e p r e s e n t a t i v e s  o f  
more advanced g roups . T h is  phenomenon p o in t s  o u t  th e  need f o r  
d e v e lo p m e n ta l  and u l t r a s t r u c t u r a l  in f o r m a t io n  i n  p h y lo g e n e t i c  
i n v e s t i g a t i o n s .  S u p e r c o r t i c a l  s t r u c t u r e s  ( c i l i a ,  c i r r i ,  m e m b ran e l le s ,  
e t c . )  i n t e r a c t  w i th  th e  en v iro n m en t  ( C o r l i s s ,  1979) and a r e  t h e r e f o r e  
b e l ie v e d  to  be l e s s  c o n s e r v a t iv e  th a n  t h e i r  i n f r a c i l i a r y  c o n s t i t u e n t s .
The r e s u l t s  o f  s eco n d a ry  o l i g o m e r i z a t i o n  a r e ,  v a r i o u s l y ,  red u ced  
c i l i a t u r e  o f  any o r  a l l  ty p e s ,  i n c lu d in g  l o s s  o r  r e d u c t i o n  o f  f r o n t a l ,  
p o s tb u c c a l ,  o r  t r a n s v e r s e  c i r r i ,  l o s s  o r  r e d u c t io n  i n  d o r s a l  k in e ty  
num bers w i th  c o n c o m ita n t  r e d u c t io n  i n  numbers o f  d o r s a l  b r i s t l e s .  Also 
common a r e  r e d u c t io n s  i n  numbers o f  m e m b ran e l le s  i n  th e  AZM, r e d u c t io n  
and o r  c r y p s i s  o f  p r e o r a l  and o r a l  s t r u c t u r e s  (n o te  e s p e c i a l l y  
Gonostomum a f f i n e  i n  t h i s  r e g a rd ) .  C e l l  e l o n g a t io n  o r  a s s u m p tio n  o f  a 
verm iform  c o n d i t i o n  a r e  a l s o  o f t e n  n o te d .  I t  i s  im p o r t a n t  to  ta k e  
su ch  f a c t o r s  i n t o  c o n s i d e r a t i o n  i f  p o s s i b l e  i n  r e v ie w in g  l i k e l y  
p h y l o g e n e t i c  r e l a t i o n s h i p s .
In f o r m a t io n  now a v a i l a b l e  on h y p o t r i c h  m orphology, m orp h o g en esis ,  
and, to  a s m a l l e r  e x t e n t ,  c y s t a t i o n  phenomena s u g g e s t  s e v e r a l  u n i f y i n g  
c h a r a c t e r i s t i c s  o f  th e  O x y tr ic h in a .  Param ount among th e s e  a re  th e  
e l a b o r a t i o n  o f  l o n g i t u d i n a l l y  o r i e n t e d  k in e to s o m a l  s t r e a k s  d u r in g  c e l l  
d i v i s i o n ,  c i l i a r y  r e o r g a n i z a t i o n ,  and ex c y s tm e n t  and p r o d u c t io n  of
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k ine to som e  r e s o r b in g  c y s t s  o f  4 o r  more l a y e r s .  I  p ropose  r e c o g n i t i o n  
o f  3 f a m i l i e s  r e l a t i n g  d i r e c t l y  to  th e  r e s u l t s  o f  r e s e a r c h  p r e s e n te d  i n  
t h i s  d i s s e r t a t i o n :  A m p h is ie l l id a e  Jankow sk i ,  1979, O x y tr ic h id a e
E hrenberg , 1838, and G onostom idae n.fam. In  a d d i t i o n ,  p u b l i s h e d  d a t a  
from a v a r i e t y  o f  s o u rc e s  s u g g e s t  t h a t  a t  l e a s t  2 o t h e r  f a m i l i e s ,  
K a h l i e l l i d a e  T u f f ra u ,  1979 and K eron idae  D u ja rd in ,  1840, sh o u ld  be 
c o n s id e re d  c a n d id a te s  f o r  i n c l u s i o n  i n  th e  O x y tr ic h in a .  The f o l l o w i n g  
d i s c u s s io n  i s  in t e n d e d  to  e l u c i d a t e  th e  m orpho log ic  and m o rp h o g en e tic  
l i m i t s  o f  th e  O x y tr ic h id a e ,  A m p h is e l l id a e ,  and Gonostom idae. S i m i l a r  
d i s c u s s io n  o f  th e  K a h l i e l l i d a e  and K eron idae  i s  beyond th e  scope  o f  
t h i s  d i s s e r t a t i o n ,  bu t w here p o s s i b l e ,  w i l l  be in c lu d e d  i n  my 
o b s e r v a t io n s  on p o s s i b l e  i n t e r -  and i n t r a f a m i l i a l  e v o l u t io n a r y  
r e l a t i o n s h i p s .
A m p h is ie l l id a e  Jankow ski,  1973
D iag n o s is .  H y p o tr ic h s  w i th  1 o r  more u n d i f f e r e n t i a t e d  
l o n g i t u d i n a l  rows o f  c i r r i  ( red u ced  i n  some s p e c ie s )  w hich d ev e lo p  " in  
row" from th e  k in e to s o m a l  p r o d u c ts  o f  l i n e a r  d e d i f f e r e n t i a t i o n  o f  
s i m i l a r  p a r e n t a l  rows. I n  a d d i t i o n ,  s i n g l e  r i g h t  and l e f t  m a rg in a l  
c i r r a l  row s a r e  p r e s e n t ,  f r o n t a l  c i r r i  a r e  p r e s e n t ,  p o s t - b u c c a l  and 
t r a n s v e r s e  c i r r i  a r e  p r e s e n t  o r  a b s e n t .  F-V-T system  d e v e lo p s  from  3 
o r  4 t y p i c a l  o x y t r i c h in e  l o n g i t u d i n a l  k in e to s o m a l  s t r e a k s ,  a l th o u g h  
some t r a n s v e r s e  c i r r i  may a r i s e  a t  th e  p o s t e r i o r  ends o f  th e  
l o n g i t u d i n a l  c i r r a l  row s. D o rsa l  b r i s t l e s  a r e  p r e s e n t  i n  4-6  rows. 
Caudal c i r r i  a r e  p r e s e n t .
G enera . Type -  A m p h is ie l la  G o u r re t  and R oeser ,  1888 
P a r a u r o s t v l a  B o r ro r ,  1972 
P s e u d o u ro le p tu s  Hemberger, 1982
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U r o le p to ld e s  Wenzel, 1953 
P a r a g a s t r o s t v l a  Hemberger, 1982 
G a s t r o s t v l a  Engelmann, 1862 
T r a c h e lo c h a e ta  Sramek-Husek, 1954 
Onvchodromopsis S to k e s ,  1887 
B a l la d v n a  K ow alevski, 1882
Members o f  th e  f a m i ly  A m p h is ie l l i d a e  h i s t o r i c a l l y  w ere d i s t r i b u t e d  
th ro u g h o u t  th e  o r d e r  H y p o tr ic h id a .  P o s s e s s io n  o f  m u l t i p l e  n o n -m arg in a l  
l o n g i t u d i n a l  rows o f  c i r r i  i s  e x t r e m e ly  common among h y p o t r i c h s .  The 
s u b o rd e rs  U r o s ty l in a  and D is c o c e p h a l in a  both  e x h i b i t  l o n g i t u d i n a l  o r  
o b l iq u e  c i r r a l  rows w hich d ev e lo p  i n  d i f f e r e n t  ways c h a r a c t e r i s t i c  o f  
each  s u b o rd e r .  In  th e  O x y tr ic h in a ,  l o n g i t u d i n a l  row s ten d  to  develop  
w i t h i n  p a r e n t a l  l o n g i t u d i n a l  row s o r  from  th e  r ig h tm o s t  o f  a  s e r i e s  o f  
F-V-T k in e to s o m a l  s t r e a k s ,  o r  bo th . I t  i s  o f t e n  d i f f i c u l t  t o  
d i s t i n g u i s h  betw een th e  2 and s e v e r a l  v a r i a t i o n s  o f  the  p r o c e s s  e x i s t .  
As I  p r e v io u s ly  s t a t e d ,  I  doub t t h a t  th e  2 modes o f  s t r e a k  developm ent 
a r e  e n t i r e l y  u n r e la te d ,  b u t  may r e p r e s e n t  th e  more p r i m i t i v e  and more 
modern a s p e c t s ,  r e s p e c t i v e l y ,  o f  an e v o l u t io n a r y  d e v e lo p m e n ta l  t ren d .
I n  the  A m p h is ie l l id a e ,  l o n g i t u d i n a l  rows o f  c i r r i  d ev e lo p  from 
k in e to so m a l  d e d i f f e r e n t i a t i o n  o f  some o r  a l l  p a r e n t a l  row s. This 
r e s u l t s  i n  th e  fo r m a t io n  o f  k in e to s o m a l  s t r e a k s  w hich e l o n g a te  to  
p roduce l o n g i t u d i n a l  c i r r a l  row s i n  th e  d a u g h te r  c e l l s .  F-V-T c i r r i  
a re  produced from 3-4 " t y p i c a l "  F-V-T k in e to s o m a l  s t r e a k s .  The 
d i s t i n c t i o n  betw een th e s e  modes o f  deve lopm en t i s  o f t e n  b lu r r e d ,  
however, as th e  r e s u l t  o f  2 phenomena: (1) th e  F-V-T and l o n g i t u d i n a l
row s t r e a k s  a re  u s u a l ly  s e r i a l l y  a r r a n g e d  (F ig . I 6 g , i - k )  i n  a s in g l e  
f i e l d  o f  5 o r  more k in e to s o m a l  s t r e a k s  and (2) th e  l e f t m o s t
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l o n g i t u d i n a l  s t r e a k s  f r e q u e n t ly  produce th e  r ig h tm o s t  t r a n s v e r s e  c i r r i ,  
n o rm a l ly  th e  domain o f  F-V-T developm ent.
T h is  b le n d in g  o f  d e v e lo p m en ta l  p r e r o g a t i v e s  i s  i n d i c a t i v e  o f  what 
I  b e l i e v e  to  be an e v o lu t io n a r y  t r e n d  i n  th e  f a m i ly ,  l e a d in g  from form s 
w i th  m u l t i p l e  l o n g i t u d i n a l  c i r r a l  row s w i th  i n d i v i d u a l  d ev e lo p m en ta l  
p o tency  ( f o r  exam ple: P a r a u r o s tv l a  w e i s s e i )  tow ard  fo rm s w i th  few er  
row s and a  l e f t w a r d  s h i f t i n g  o f  th e  d e v e lo p m e n ta l  onus ( i .e .  
f j e i ^ ^ r P l e p.tu s  £££,. A m p h is ie l la  spp,,  and T ra c h e lo c h a e ta  jp p ) .
Gonostom idae ( n. f a m . )
D ia g n o s is .  H y p o tr ic h s  w i th  v a r i a b l e  numbers (11-18) o f  v e n t r a l l y  
s i t u a t e d  c i r r i  no t  i n  rows. There a r e  no p o s tb u c c a l  c i r r i  w i th  th e  
e x c e p t io n  o f  t r a n s v e r s e  c i r r i  w hich a r e  p r e s e n t  o r  a b s e n t .  S in g le  
r i g h t  and l e f t  m a rg in a l  c i r r a l  rows a r e  p r e s e n t .  A narrow  bucca l 
c a v i t y  and reduced  p a r o r a l  c i l i a t u r e  i s  t y p i c a l  o f  members o f  th e  
f a m i ly .  F-V-T c i r r i  d ev e lo p  from H-6 l o n g i t u d i n a l  k in e to s o m a l  s t r e a k s .  
D o rsa l  b r i s t l e s  a r e  p r e s e n t  i n  2-3  k i n e t i e s .  Caudal c i r r i  a r e  p r e s e n t  
o r  a b s e n t .
G en era . Type -  Gonostomum S t e r k i ,  1878 
T r a c h e lo s tv l a  K ahl, 1932 
P e r i s i n c i r r a  Jankow ski,  1978 
Gonostomum and i t s  r e l a t i v e s  have t y p i c a l l y  been c l a s s i f i e d  as  
u r o s t y l i n e  h y p o t r i c h s  o r  as  members o f  th e  o x y t r i c h in e  f a m i ly  
O x y tr ic h id a e .  C le a r ly ,  r e c e n t  in f o r m a t io n  on i t s  m orphogenesis  
(C u lbe rson , 1982; Hemberger, 1982) d e m o n s t r a te  c l o s e r  p h y lo g e n e t ic  
a f f i n i t y  f o r  th e  l a t t e r .  I  b e l ie v e ,  however, t h a t  s e v e r a l  
c h a r a c t e r i s t i c s ,  i n c lu d in g  a p ro b a b le  o r i g i n  d i s t i n c t  from th e
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O x y tr ic h id a e ,  w a r r a n t  p la cem e n t  i n  a s e p a r a t e  f a m i ly .  I  s u g g e s t  the  
name Gonostomidae.
Among th e  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c s  o f  th e  G onostom idae a r e :  
absence  o f  l o n g i t u d i n a l ,  n o n -m a rg in a l ,  v e n t r a l  row s o f  c i r r i ;  absence 
o f  p o s tb u c c a l  c i r r i  (ex ce p t f o r  TVs in  some s p e c i e s ) ;  TV developm ent 
from p o s t e r i o r  ends o f  r i g h t m o s t  1 o r  2 f r o n t a l  k in e to s o m a l  s t r e a k s  
on ly ; reduced  a n d /o r  c r y p t i c  o r a l  c i l i a t u r e .  F r o n t a l  c i r r i  a r e  
a r ran g ed  i n  a  p a t t e r n  d i s t i n c t  from t h a t  o b se rv e d  i n  th e  O x y tr ic h id a e ,  
o f t e n  r e s e m b l in g  th e  z ig z a g  m id v e n t r a l  c i r r i  o f  u r o s t y l i n e  c i l i a t e s  
(hence, Gonostomum^  p re v io u s  i n c o r r e c t  c l a s s i f i c a t i o n ) .  F u rthe rm ore ,  
th e  c y s t  o f  £ ,  a f f i n e ,  as  r e v e a le d  by TEM i n  t h i s  s tu d y ,  i s  u n l ik e  any 
o th e r  o b se rv ed  to  d a t e  i n  th e  O x y tr ic h id a e .  S i m i l a r  u l t r a s t r u c t u r a l  
i n f o r m a t io n  on th e  c y s t s  o f  T r a c h e lo s tv l a  and P e r i s i n c i r r a  i s  needed.
M orphogenesis  accom panying d i v i s i o n  i n  Gonostomum i s  now w e l l  
documented b o th  i n  t h i s  s tu d y  a s  w e l l  as  th e  l i t e r a t u r e  (C ulberson , 
1981; Hemberger, 1982) as  i s  i t s  g e n e r a l  m orphology and eco logy  
(F o is s n e r ,  1982; Hemberger, 1982). The u n iq u e  p a r o r a l  membrane 
( m i s i d e n t i f i e d  as  th e  e n d o ra l  membrane by F o i s s n e r ,  1982 and Hemberger, 
1982 because  o f  th e  un ique  c r y p t i c  p la c e m e n t  o f  th e  l a t t e r )  seems to  be 
sh a red  by o th e r  members o f  th e  f a m i ly ,  e s p e c i a l l y  P e r i s i n c i r r a  s i m l l i s  
and i n t e r r u p t a  (F o is s n e r ,  1982). M orphogenesis  i n  T r a c h e lo s tv l a  
(Kool, 1970) and P e r i s i n c i r r a  (Hemberger, 1982) f u r t h e r  su p p o r t  t h e i r  
p lacem en t w i th  Gonostomum i n  a s e p a r a t e  f a m i ly .
W hile i n t e r f a m i l i a l  r e l a t i o n s h i p s  a r e  th e  t o p i c  o f  a su b seq u en t 
s e c t i o n  o f  t h i s  d i s s e r t a t i o n ,  th e  p o s s i b l e  o r i g i n  o f  th e  f a m i ly  
Gonostomidae i s  a m ajo r b a s i s  f o r  i t s  s e p a r a t i o n  from  th e  O x y tr ic h id a e  
and sh o u ld  be m en tioned  here .  I t  seems l i k e l y  t h a t  Gonostomum a f f i n e
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descended  from a n c e s to r s  v e ry  s i m i l a r  to  T ra c h e lo c h a e ta  o f  th e  f a m i ly  
A m p h is ie l l id a e .  Indeed , Hemberger (1982) made t a c i t  a l l u s i o n  to  t h i s  
i n  h i s  naming o f  a new T r a c h e lo c h a e ta  s p e c i e s :  T. gonostom olda. Loss
o f  th e  s i n g l e  l o n g i t u d i n a l  c i r r a l  row o f  a T, g o n o s to m o ld a - l i k e  
a n c e s to r ,  a r e a s o n a b le  e v o l u t i o n a r y  p o s s i b i l i t y  (P o l ja n s k i  and Raikov, 
1976) would r e s u l t  i n  a  h y p o t r i c h  much l i k e  th e  modern day £ .  a f f i n e .  
Hemberger (1982) a l s o  shows (b u t  does no t  name) a p a r o r a l  membrane i n  
h i s  i l l u s t r a t i o n  o f  T. g o nos tom olda  w hich i s  e s s e n t i a l l y  i d e n t i c a l  to  
t h a t  o bserved  i n  .£. a f f i n e .  As a  f u r t h e r  n o te ,  much m ight be le a r n e d  
ab o u t th e  p o s s i b l e  o r i g i n  o f  th e  u n u su a l  c y s t  o f  Q, a f f i n e  th ro u g h  
d e t a i l e d  s tu d y  o f  T ra c h e lo c h a e ta  c y s t s .  I t  i s  r e a s o n a b le  to  
h y p o th e s iz e  t h a t  such c y s t s ,  i f  found, would r e f l e c t  u l t r a s t r u c t u r a l l y  
a  v e ry  r e c e n t  common a n c e s t r y  o f  Gonostomum and T ra c h e lo c h a e ta .  W hile 
I  b e l i e v e  i t  i s  p o s s i b l e ,  even  p ro b a b le ,  t h a t  th e  f a m i ly  O x y tr ic h id a e  
h as  i t s  o r i g i n  i n  th e  A m p h is ie l l i d  l i n e ,  I  b e l i e v e  i t s  c l o s e s t  
a f f i n i t i e s  a r e  w i th  some o t h e r  branch .
O x y t r i c h id a e E h re n b e r g ,  1838
D iag n o s is .  H y p o tr ic h s  t y p i c a l l y  h av in g  18 F-V-T c i r r i  a r r a n g e d  in  
an  O x v t r ic h a - l i k e  p a t t e r n  ( se e  F ig .  1). These c i r r i  deve lop  from  4-6 
l o n g i t u d i n a l  k in e to s o m a l  s t r e a k s .  S in g le  row s o f  l e f t  and r i g h t  
m a rg in a l  c i r r i  a r e  t y p i c a l l y  p r e s e n t  (e x c e p t io n :  P l e u r o t r i c h a  w i th  2 
RMCR) as  a r e  6 d o r s a l  k i n e t i e s  and 3 c au d a l  c i r r i .
Genera. Type -  O x v tr ic h a  Bory de S t.  V incen t ,  1852
( i n c l u d i n g  S t e i n i a . Urosoma. Q p i s t h o t r i c h a ) 
S tv lo n v c h ia  E hrenberg , 1830
( i n c l u d i n g  H i 3 t r i c u l u s . P a r a h i s t r i c u l u s ) 
Tachvsoma S to k e s ,  1887
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P l e u r o t r i c h a  S t e i n ,  1859 
Urosomoida Hemberger, 1982 
P a ra s tv lo n v c h ia  D ragesco, 1963 
_Ancystropodium F a u r6 -F re m ie t ,  1907 
Psammomitra B o r ro r ,  1972 
I n c e r t a e  s e d i s . A c t i n o t r i c h a  Cohn, 1866 
I  in c lu d e  i n  t h i s  f a m i ly  o n ly  th o se  o x y t r i c h in e  s p e c i e s  whose 
F-V-T c i l i a t u r e  i s  e x c l u s i v e l y  " s p o r a d ic a l ly "  (from  th e  o ld  s u b o rd e r  
name, S p o r a d o t r i c h in a )  s i t u a t e d .  Thus, s p e c ie s  w i th  l i n e a r l y  a r ra n g e d  
v e n t r a l  c i r r i  o f  f r o n t a l  o r i g i n  w hich w ere in c lu d e d  h e r e  p r e v io u s l y  
(Onvchodromus. O a s t r o s tv l a .  L a u r e n t l e l l a ,  G a s t r o s tv l a .  P a r a g a s t r o 3 t v l a ) 
w ere  removed to  o t h e r  f a m i l i e s .  P l e u r o t r i c h a  i s  r e t a i n e d  beca u se  th e  
e x t r a  row o f  c i r r i  (F ig . 16) i s  o f  m a rg in a l ,  s o m a t ic  o r i g i n  r a t h e r  th a n  
f r o n t a l  o r i g i n .  Members o f  th e  f a m i ly  t y p i c a l l y  p o s s e s s  18 F-V-T 
c i r r i :  8 i n  th e  f r o n t a l  r e g io n ,  5 p o s t - b u c c a l  c i r r i ,  and 5 t r a n s v e r s e
c i r r i .  F u r th e rm o re ,  t h e  a r ra n g e m e n t  o f  th e s e  c i r r i  i s  c o n se rv ed  
th ro u g h o u t  th e  f a m i ly .  The 8 f r o n t a l l y  s i t u a t e d  c i r r i  a r e  a r r a n g e d  i n  
a  "C" shaped  p a t t e r n  (F ig . 1). T hree  p o s tb u c c a l  c i r r i  a r e  s i t u a t e d  
c l o s e  t o  th e  c e n t e r  o f  th e  v e n t r a l  s u r f a c e ,  w h i l e  t h e  o t h e r  2 a r e  i n  
c l o s e  p ro x im i ty  t o  t h e  t r a n s v e r s e  c i r r i .  The t r a n s v e r s e  c i r r i  a r e  
a r r a n g e d  i n  a "V" shaped  p a t t e r n .
In  members o f  th e  O x y t r ic h id a e  whose m o rp h o g en e tic  p r o c e s s e s  w ere 
s tu d i e d ,  a c h a r a c t e r i s t i c  d ev e lo p m en ta l  p a t t e r n  was ob se rv ed .  In  
O x y tr ic h a  5 F-V-T k in e to s o m a l  s t r e a k s  a r e  observed . I n i t i a l l y ,  th e s e  
s t r e a k s  a r e  produced i n  s e r i a l  a r r a y ,  bu t  as  deve lopm en t p r o g r e s s e s  
s t r e a k s  3 and 4 m i g r a te  p o s t e r i o r l y  to  produce c e r t a i n  o f  th e
73
p o s tb u c c a l  and t r a n s v e r s e  c i r r i .  T h is  p ro c e s s  i s  r e p e a te d ,  w i th  minor 
v a r i a t i o n s ,  i n  th e  o th e r  members o f  th e  f a m i ly .
There was some co n fu s io n ,  h i s t o r i c a l l y ,  o v e r  th e  use o f  s e v e r a l  
genus names a p p l i e d  to  O x v t r ic h a - l i k e  s p e c i e s .  C o r l i s s  (1979) 
re c o g n iz e d  H l s t r i c u l u s .  O p i s th o t r i c h a .  O x v tr ic h a .  S t e i n i a .  S tv lo n v c h ia . 
Tachvsoma. and Urosoma a s  v a l i d  g en e ra ,  w h i le  Kahl (1932) c o n s id e re d  
them su b g en era  o f  O x v tr ic h a . C e r t a in ly ,  i d e n t i f y i n g  c h a r a c t e r i s t i c s  
f o r  some o f  th e s e  d e s e rv e  r e c o n s i d e r a t i o n  becau se  o f  t h e i r  e x te n s iv e  
o v e r la p  and v a n i s h i n g ly  s m a l l  d i f f e r e n c e s .
I  c o n s id e r  Tachvsoma s u f f i c i e n t l y  d i s t i n c t  from th e  o t h e r  K ah lian  
su b g en e ra  o f  O x v tr ic h a  t o  w a r r a n t  i t s  r e c o g n i t i o n  a s  a v a l i d  genus.
The absence  (Hemberger, 1982) o r  re d u c e d  number and a t y p i c a l  
developm ent ( s e e  R e s u l t s )  o f  c a u d a l  c i r r i  s e r v e  as  b a se s  f o r  t h i s  
d e c i s io n .  A s l i g h t l y  m o d if ie d  v e n t r a l  c i r r a l  p a t t e r n  w i th  g r e a t e r  
i n t e r s p e c i f i c  v a r i a b i l i t y  le n d s  f u r t h e r  c re d e n c e  to  t h i s  id e a .
I  ag re e  w i th  Hemberger (1982) t h a t  H l s t r i c u l u s  and P a r a h l s t r l c u i u s  
m ust be c o n s id e re d  j u n i o r  synonyms o f  S tv lo n v c h ia .  C o r t i c a l  s t i f f n e s s  
and f l e x i b i l i t y  o f  cau d a l  c i r r i  a r e  to o  p o o r ly  q u a n t i f i e d  and to o  
v a r i a b l e  to  s e r v e  as  u s e f u l  c r i t e r i a  f o r  g e n e r i c  s e p a r a t i o n  i n  t h i s  
i n s t a n c e .
I  am in  t e n t a t i v e  ag reem en t w i th  B o r ro r  (1972) and Hemberger 
(1982) t h a t  O p i s th o t r i c h a .  Urosoma. and S t e i n i a  sh o u ld  be c o n s id e re d  
members o f  th e  genus O x v tr ic h a . R e l a t i v e  l e n g t h s  o f  p o s t e r i o r  m a rg in a l  
c i r r i  (O p i s t h o t r i c h a ) and s l i g h t  p o s t e r i o r  e x t e n s i o n  (Urosoma) a r e  n o t  
s u f f i c i e n t  c r i t e r i a  f o r  g e n e r i c  s e p a r a t io n .  The h y p e r t ro p h ie d  p a r o r a l  
a p p a ra tu s  o f  S t e i n i a  was p o o r ly  d e s c r ib e d  (B o r ro r ,  1972) and p r i o r  to  
t h i s  s tudy ,  r e c e iv e d  no a t t e n t i o n  w i th  r e g a rd  t o  u l t r a s t r u c t u r a l
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d e t a i l .  As I  i n d i c a t e d  e a r l i e r ,  5.. p la tv s to m a .  th e  type  s p e c i e s  o f  
O x v tr ich a .  p o s s e s s e s  an h y p e r t ro p h ie d  p a r o r a l  a p p a r a tu s  o f  u n c e r t a i n  
s i m i l a r i t y  (F ig . 23) to  o th e r  members o f  th e  subgenus S t e i n i a .  
A d d i t i o n a l ly ,  0. p la tv s to m a  e x h i b i t s  c o r t i c a l  o r  s o m a t ic  s t i f f n e s s  
c h a r a c t e r i s t i c  o f  th e  genus S tv lo n v c h ia . S t e i n i a  i s  c o n s id e re d  a  v a l i d  
genus by v a r io u s  a u th o r s  ( C o r l i s s ,  1979; F o is s n e r ,  1982). Such 
r e c o g n i t i o n ,  however, m ust r e s u l t  i n  c o n s id e r a b le  taxonom ic  c o n fu s io n .  
The type  s p e c ie s  o f  th e  genus S t e i n i a  would be p la tv s to m a  and th e  
problem  o f  th e  s p e c i e s 1 s i m i l a r i t y  to  S tv lo n v c h ia  would have to  be 
d e a l t  w i th .  C e r t a in ly  th e s e  p rob lem s sh o u ld  n o t  im pede ta x o n o m ic a l ly  
p r o g r e s s iv e  moves r e s u l t i n g  i n  im proved o r  more r e a l i s t i c  
c a t e g o r i z a t i o n  o f  t h i s  com plex o f  h y p o t r i c h s .  However, i n  th e  absence  
o f  d e t a i l e d  in f o r m a t io n  d e l i n e a t i n g  newly p roposed  g e n e r i c  b o u n d a r ie s  
and e i t h e r  a v o id in g  o r c l e a r l y  e x p la in in g  g e n e r i c  o v e r la p ,  I  b e l i e v e  
t h a t  th e  more c o n s e r v a t iv e  r o u te  o f  s u b g e n e r ic  r e c o g n i t i o n  o f  S t e i n i a  
i s  w a rra n te d .
X n t e r f a m i l i a l  E v o lu t io n a ry  R e l a t i o n s h i p s  
C onfusion  o v e r  r e l a t i v e  p r i m i t i v e n e s s  a n d /o r  s i g n i f i c a n c e  o f  
v a r io u s  o x y t r i c h i n e  s t r u c t u r a l  and d e v e lo p m e n ta l  c h a r a c t e r i s t i c s  
n e c e s s i t a t e s  c o n s i d e r a t i o n  o f  a l t e r n a t i v e  i n t e r f a m i l i a l  e v o l u t io n a r y  
schemes. In  a " t r a d i t i o n a l "  s c e n a r i o  (F ig . 24) th e  g e n e ra  c o m p r i s in g  
the  f a m i ly  K a h l i e l l i d a e  a r e  re c o g n iz e d  as  th e  m ost p r i m i t i v e  group  o f  
the  su b o rd e r ,  p r i m a r i l y  on th e  b a s i s  o f  t h e i r  p o s s e s s io n  o f  numerous 
v e n t r a l  l o n g i t u d i n a l  rows o f  r e l a t i v e l y  un ifo rm  c i r r i  ( C o r l i s s ,  1979; 
B o rro r  and Evans, 1979; T u ff ra u ,  1979; Wicklow, 1982). O ther f a m i l i e s  
evo lved  from h y p o t h e t i c a l  K a h l i e l l a - l i k e  a n c e s t o r s  th ro u g h  r e d u c t i o n  o f  
c i r r a l  and c i r r a l  row numbers ( o l ig o m e r iz a t i o n )  accom panied  by
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h y p e r tro p h y  and s p e c i a l i z a t i o n  o f  c e r t a i n  c i r r a l  g roups  (Po lJansky  and 
Raikov, 1976; Wicklow, 1982), e s p e c i a l l y  th o se  o f  the  F-V-T system .
This  t r e n d  le a d s  to  th e  d e c re a se d  numbers o f  l o n g i t u d i n a l  rows observed  
i n  th e  A m p h is ie l l id a e  and c u lm in a te s  w i th  the  O x y tr ic h id a e  and 
Gonostomidae whose members l a c k  v e n t r a l  l o n g i t u d i n a l  c i r r a l  row s. The 
o r i g i n  o f  th e  su b o rd e r  u n d e r  t h i s  s c e n a r i o  re m a in s  o b scu re ,  bu t members 
o f  th e  o r d e r  H e t e r o t r i c h i d a  w i th  l o n g i t u d i n a l  row s o f  c i r r i ,  o r a l  
p a ram e m b ra n e l le s  (AZM) and a  h y p o t r i c h - l i k e  UM (P lae io to m a)  may s h a re  
common a n c e s t r y  w i th  K a h l i e l l a .
A lthough th e  a fo re m e n t io n e d  " t r a d i t i o n a l 1* e v o l u t io n a r y  scheme 
ac c o u n ts  f o r  many m o rp h o lo g ic  c h a r a c t e r i s t i c s  o f  th e  su b o rd e r  
O x y tr ic h in a ,  i t  i s  s u b j e c t  t o  d e b a te .  F le u ry  and F ry d -V e rsav e l  (1982) 
argued  t h a t  K a h l i e l l a .  though  a p p a r e n t ly  p r i m i t i v e  m o rp h o lo g ic a l ly ,  
e x h i b i t s  n o n - p r im i t i v e  m orphogenes is .  The l o n g i t u d i n a l  rows o f  c i r r i  
on th e  v e n t r a l  s u r f a c e  o f  K a h l i e l l a  do n o t  d ev e lo p  " w i th in  row" as  i s  
u s u a l  f o r  s o m a t ic  c i r r i ,  bu t form from 5 f r o n t a l  k in e to s o m a l  s t r e a k s .  
S in ce  r e l a t i v e l y  more p r i m i t i v e  s o m a t ic  dev e lo p m en t i s  observed , i n  
p a r t ,  i n  o th e r  o x y t r i c h in e 3  ( i . e .  A m p h is i e l l i d a e ) ,  a l t e r n a t i v e  
p h y lo g e n ie s  must be c o n s id e re d .
A p h y lo g e n e t ic  s c e n a r i o  f a v o r in g  m o rp h o g en e t ic  c h a r a c t e r i s t i c s  and 
th e  e v o l u t io n  o f  f r o n t a l  c i l i a t u r e  from  s o m a t ic  c i l i a t u r e  i s  d e p ic te d  
i n  F ig . 25. A C l a d o t r i c h a - l i k e  a n c e s t o r  w i th  s c a n t  f r o n t a l  c i l i a t u r e  
i s  c o n s id e re d  to  be a t  an  i n t e r m e d i a t e  s ta g e  i n  th e  e v o lu t io n  o f  
f r o n t a l  c i l i a t u r e  from  s o m a t ic  c i l i a t u r e .  The e v o l u t i o n  o f  
A m p h is ie l l id  a n c e s t o r s  c o n t in u e s  t h a t  d e v e lo p m e n ta l  t r e n d .  The 
O x y tr ic h id a e  and G onostom idae a r i s e  a s  a r e s u l t  o f  s i m i l a r  e v o lu t io n a ry  
te n d e n c ie s  away from v e n t r a l  c i r r a l  rows. I  b e l i e v e  t h a t  the
I3
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d i s s i m i l a r  m orp h o lo g ies  o f  th e s e  2 f a m i l i e s  r e f l e c t s  a d iv e rg e n t ,  
b i p h y l e t i c  o r i g i n  from s e p a r a t e  a n c e s t r a l  A m p h is ie l l i d s .
The o r i g i n  o f  th e  f a m i l i e s  K eron idae and K a h l i e l l i d a e  i s  
u n c e r t a in .  T h e i r  v e n t r a l  s u r f a c e s  a r e  do m in a ted  by l o n g i t u d i n a l  row s 
o f  c i r r i  and th e  developm ent o f  th e s e  rows from  k in e to s o m a l  s t r e a k s  
o cc u rs  i n  s i m i l a r  p a t t e r n s .  An e v o l u t io n a r y  ten d en cy  tow ard  t h i s  
p a t t e r n  cou ld  have o ccu rre d  i n  e i t h e r  an A m p h is i e l l i d  o r  C la d o t r i c h a -  
l i k e  a n c e s t r a l  l i n e .
Recent a d d i t i o n s  to  our u n d e r s ta n d in g  o f  m orphology and 
m orphogenesis  i n  th e  Order H y p o tr ic h id a  r e s u l t e d  i n  m a jo r  s u b o r d in a l  
s y s t e m a t i c  u pheava l F a u r f i -F re m ie t 's  (1961) b i - s u b o r d i n a l  concep t 
y ie ld e d  to  modern r e c o g n i t i o n  o f  s e v e r a l  s u b o r d e r s  and a d d i t i o n a l  
r e f in e m e n t s  a r e  ex p ec ted .  S y s te m a t ic s  and taxonomy a r e  dynamic 
d i s c i p l i n e s .  The s y s t e m a t i c  fram ew ork  p r e s e n te d  i n  t h i s  d i s s e r t a t i o n  
i s  n o t  in te n d e d  as an a b s o lu t e  o r  s t a t i c  r e p r e s e n t a t i o n  o f  
i n c o n t r o v e r t a b l e  f a c t .  I t  may, however, p r o v id e  f i r m  b a s i s  f o r  f u r t h e r  
taxonom ic c o n s id e r a t i o n  o f  th e  s u b o rd e r  O x y t r ic h in a  and i t s  
r e l a t i o n s h i p  t o  o t h e r  h y p o t r i c h  ta x a .
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TABLE 1. An Abridged Protozoan Taxonomy
KINGDOM: P r o t i s t a  ( i n  p a r t )
PHYLUM: S a rc o m a s t ig o p h o ra  H onigberg  4 Balamuth, 1963
PHYLUM: L abyrin thom orpha  L ev in e ,  e t  a l . , 1980
PHYLUM: Apicomplexa L ev ine ,  1970
PHYLUM: M ic ro sp o ra  S prague , 1977
PHYLUM: A so e to s p o ra  S p rague ,  1978
PHYLUM: Myxozoa Grassfe & L a v e t t e ,  1978
PHYLUM: C i l io p h o r a  D o f le in ,  1901
CLASS: K in e to fra g m in o p h o re a  D epuytorac , et. a l . , 1974 
CLASS: O ligohym enophorea D epuytorac , e t  a l . , 1974 
CLASS: Polyhym enophorea Jankow ski,  1967
ORDER: H e t e r o t r i c h i d a  S t e i n ,  1859
ORDER: O d o n to s to m a tid a  Sawaya, 1940
ORDER: O l i g o t r i c h i d a  B u t s c h l i ,  1887
ORDER: H y p o t r ic h id a  S t e i n ,  1859
TABLE 2. D is p a ra te  Systems o f  H ypo trich  Taxonomy
C o r l i s s  (1979)
Order H y p o t r i c h i d a
Suborder S t i c h o t r i c h i n a  
Family S p i r o f i l i d a e  
Family S t r o n g y l i d i id a e  
Family U ro s ty l id a e  
Family H o lo s t ic h id a e  
Family P s i l o t r i c h i d a e  
Family K i i t r i c h i d a e  
Family Keronldae 
Suborder S p o ra d o t r ic h in a  
Family O x y tr ie h id a e  
Family A sp id is c id a e  
Family E u p lo t id a e
B orro r  (1972)
Order H y p o tr ic h id a  
Fam ily  U ro s ty l id a e  
Family P s i l o t r i c h i d a e  
Family H o lo s t ic h id a e  
Family S p i r o f i l i d a e  
Family O x y tr ie h id a e  
Family E u p lo t id a e
Jankow ski (1980)
Order H y p o tr ich id a
Suborder U r o s ty l in a  
Suborder H o lo s t ic h in a  
Suborder O x y tr ic h in a  
Suborder E u p lo t in a  
Suborder G a s t r o c i r r i h i n a  
Suborder A s p id is c in a
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TABLE 3. Measurements of Oxvtrlcha fallax (Rollinsford. NH population)
n x S.D. Range C.V.
Length
B uccal C av ity  Length 
Width
Number o f  M acronucle i 
Length  o f  A n te r io r  M acronucleus 
Length  o f  P o s t e r i o r  M acronucleus 
Number o f  M ic ro n u c le i  
D iam eter  o f  M icronuc leus  
Number o f  A doral M em branelles 
Number o f  F r o n ta l  C i r r i  
Number o f  P o s t  Buccal C i r r i  
Number o f  T ra n sv e rse  C i r r i  
Number o f  R igh t M arg ina l  Rows 
Number o f  R ight M arg in a l  C i r r i  
Number o f  L e f t  M a r ig in a l  Rows 
Number o f  L e f t  M arg in a l  C i r r i  
Number o f  D o rsa l  N in e t i e s  
Number o f  Caudal C i r r i  
L ength /W idth
B uccal C a v i ty  L eng th /L eng th
24 96.1 6 .42 8 3 .6 -1 0 7 .8 6 .68
24 37.1 1.47 3 5 .2 -3 9 .6 3 .96
24 53.6 5 .85 4 0 .7 -6 3 .8 10.90
23 2 .0 0 2-2 0
23 14.7 1.58 1 1 .0 -1 7 .6 10.75
23 13.8 1 .52 1 1 .0 -1 7 .6 11.01
22 2 .0 0 2-2 0
25 2.24 .35 1 .7 - 3 .3 15.65
22 30 1.77 27-33 5 .9
24 8 0 8-8 0
24 5 0 5-5 0
24 5 0 5-5 0
24 1 0 1-1 0
24 20.75 1.51 18-24 7 .2 8
24 1 0 1-1 0
23 17.2 1.72 13-22 10 .0
9 6 0 6-6 0
23 3 0 3-3 0
24 1.74 .40 1 .4 5 -2 .1 3 22 .99
24 .39 .025 .3 4 - .4 3 6 .4
* A ll  l i n e a r  m easurem ents a r e  i n  /im.
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TABLE Measurements o f  O x v tr ioha  f a l l a x  (B o u ld e r,  CO p o p u la t io n )
Length
Buccal C a v i ty  Length 
Width
Number o f  M acronucle i 
Length o f  A doral M acronucleus 
Length o f  P o s t e r i o r  M acronucleus 
Number o f  M ic ro n u c le i  
D iam eter  o f  M icronuc leus  
Number o f  A doral M embranelles 
Number o f  F r o n ta l  C i r r i  
Number o f  P os t Buccal C i r r i  
Number o f  T ra n sv e rse  C i r r i  
Number o f  R igh t M arg ina l  Rows 
Number o f  R igh t M arg ina l C i r r i  
Number o f  L e f t  M arg ina l Rows 
Number o f  L e f t  M arg ina l C i r r i  
Number o f  D o rsa l  N in e t i e s  
Number o f  Caudal C i r r i  
L ength /W idth
B uccal C a v i ty  L eng th /L eng th
x S. D. Range C.V.
19 75 .9 5 .5 6 4 .9 -8 6 .9 7 .25
19 35 .7 3 .4 2 8 .6 -3 9 .6 9 .56
19 42 .0 4 .0 3 3 .0 -4 9 .5 9 .52
19 2 0 2-2 0
18 13.2 2 .03 8 .8 -1 5 .4 15.38
17 13.4 2 .06 9 .9 -1 6 .5 15.38
11 2 .36 .81 2-3 34.3
11 2 1.37 1 .1 -3 .3 68.5
18 28.6 2.1 25-33 7.34
19 8.1 .57 7-10 7 .04
19 5.16 .50 5-7 9.69
19 5 0 5-5 0
19 1 0 1-1 0
19 20 .12 2 .34 15-24 11.63
19 1 0 1-1 0
19 16.47 1.43 13-19 8 .68
19 6 0 6-6 0
17 3 0 3-3 0
19 1.80 .16 1 .4 6 -2 .1 3 8.89
19 .47 .03 .4 3 - .5 2 6 .38
* A ll  l i n e a r  m easurem ents a re  i n  >im.
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TABLE 5. Measurements of Oxvtrichia auadrinuoleata
n x S.D. Range C.V.
Length
B uccal C av i ty  Length 
Width
Number o f  M acronuc le i 
Length o f  M acronucleus 
Number o f  M ic ro n u c le i  
D iam eter o f  M ic ro n u c leu s  
Number o f  A doral M em branelles 
Number o f  F r o n ta l  C i r r i  
Number o f  P o s t  B uccal C i r r i  
Number o f  T ra n s v e rs e  C i r r i  
Number o f  R ig h t M arg in a l  Rows 
Number o f  R ight M arg in a l  C i r r i  
Number o f  L e f t  M arg ina l  Rows 
Number o f  L e f t  M arg in a l  C i r r i  
Number o f  D o rsa l  K i n e t i e s  
Number o f  Caudal C i r r i  
Length /W idth
Buccal C av i ty  L eng th /L eng th
21 115.7 9 .73 9 3 .5 -1 3 2 8.41
21 44 .5 3 .67 3 8 .5 -4 9 .5 8 .26
21 49 .3 5 .5 0 3 8 .5 -6 0 .5 11.15
20 4.05 .22 4-5 5 .5 2
75 10.43 1.72 5 .5 -1 3 .2 16.48
20 2 .3 .47 2-3 2 .44
20 2 .7 .42 2 .2 - 3 . 3 15.46
21 33 .2 2 .5 8 29-39 7 .77
20 8 0 8-8 0
21 5 0 5-5 0
21 5 0 5-5 0
21 1 0 1-1 0
20 17.4 1.47 14-20 8 .42
21 1 0 1-1 0
21 16.2 1.29 13-18 7.95
3 6 0 6-6 0
21 2 .9 5 .50 1-4 16.87
21 2 .4 .24 1 .9 2 -2 .8 6 9 .89
21 .39 .03 .3 3 - .4 7 8 .02
* All linear measurments are in jim.
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TABLE 6. Measurements of Oxvtrlcha similis
Length
Buccal C a v i ty  Length 
Width
Number o f  M acronucle i 
Length o f  M acronucleus 
Number o f  M ic ro n u c le i  
D iam eter o f  M ic ro n u c leu s  
Number o f  Adoral M em branelles 
Number o f  F r o n ta l  C i r r i  
Number o f  P os t B uccal C i r r i  
Number o f  T ra n s v e rs e  C i r r i  
Number o f  R igh t M arg in a l  Rows 
Number o f  R igh t M arg in a l  C i r r i  
Number o f  L e f t  M arg ina l Rows 
Number o f  L e f t  M arg ina l C i r r i  
Number o f  D orsa l N in e t i e s  
Number o f  Caudal C i r r i  
Length/W idth
Buccal C a v i ty  L en g th /L e n g th
n X S.D. Range C.V.
11 79 .9 9 .48 6 8 .2 -9 4 .6 11.86
11 40 .5 4 .74 3 5 .2 -5 0 .6 11.70
11 36 .3 6 .24 2 8 .6 -4 9 .5 17.19
11 2 0 2-2 0
22 13.7 2 .03 8 .8 -1 6 .5 14.81
10 2 .4 .84 2 -4 35.1
10 1.76 .23 1 .6 5 -2 .2 13.18
10 33 .5 2 .72 29-38 8.11
11 8 0 8-8 0
11 5 0 5-5 0
11 5 0 5-5 0
11 1 0 1-1 0
11 29.45 3.05 22-33 10.34
11 1 0 1-1 0
10 20 .2 2 .2 0 17-24 10.90
7 6 0 6-6 0
8 3 0 3-3 0
11 2 .2 .29 1 .9 - 2 .7 13.07
11 .51 .028 .4 6 - .5 4 5 .4 8
* All linear measurements are in u^m.
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TABLE 7. Measurements of Stvlonvchia pustulata
n X S.D. Range C.V.
Length 20 111.2 5 .67 1 0 1 .2 -1 2 1 .0 5 .10
Buccal C av i ty  Length 20 57 .7 3 .49 5 0 .6 -6 2 .7 6.05
Width 20 63 .7 8 .16 5 2 .8 -8 1 .4 12.81
Number o f  M acronucle i 20 2 0 2-2 0
Length o f  M acronucleus 36 18.8 2 .52 12-20 13.40
Number o f  M ic ro n u c le i 14 2 .29 .73 2-4 31.77
D iam eter  o f  M icronuc leus 14 1.73 .25 1 .6 5 -2 .2 14.5
Number o f  A doral M em branelles 20 47.1 2 .88 43-52 6.12
Number o f  F r o n ta l  C i r r i 20 8 .4 .68 8-10 8.10
Number o f  P ost Buccal C i r r i 20 5 0 5-5 0
Number o f  T ra n sv e rse  C i r r i 20 5 0 5-5 0
Number o f  R ight M arg in a l  Rows 20 1 0 1-1 0
Number o f  R igh t M arg in a l  C i r r i 19 31 .7 3 .30 26-37 10.42
Number o f  L e f t  M arg ina l Rows 20 1 0 1-1 0
Number o f  L e f t  M arg ina l C i r r i 20 24 .6 1.60 22-37 6.51
Number o f  D orsa l K i n e t i e s 12 6 0 6-6 0
Number o f  Caudal C i r r i 20 2 .9 .31 2-3 10.6
Length /W idth 20 1.78 .14 1 .4 9 -1 .9 2 7 .72
B uccal C av ity  L eng th /L eng th 20 .52 .02 .4 9 - .5 5 3 .85
* All linear measurements are in pm .
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TABLE 8. Measurements of Taohvsoma s p .
Length
Bucca l  C a v i ty  Length  
Width
Number o f  M acronucle i  
Length  o f  Macronucleus  
Number o f  M ic ro n u c le i  
Diameter  o f  M ic ronuc leus  
Number o f  Adoral  Membranelles 
Number o f  F r o n t a l  C i r r i  
Number o f  Pos t  Bucca l  C i r r i  
Number o f  T r a n s v e r s e  C i r r i  
Number o f  R igh t  M arg ina l  Rows 
Number o f  R ig h t  M arg ina l  C i r r i  
Number o f  L e f t  M arg ina l  Rows 
Number o f  L e f t  M arg ina l  C i r r i  
Number o f  D o rsa l  K i n e t i e s  
Number o f  Caudal  C i r r i  
Length/Width
Bucca l  C a v i ty  L eng th /Leng th
n X S.D. Range C.V.
20 34 3.48 29-40 .5 10.24
20 1 1 . 6 1.45 6 . 5 - 1 3 . 5 12.56
20 19.1 3.16 15-27 .5 16.51
20 2 . 2 .62 2-4 7 .83
44 7.05 1.89 4 -1 1 .5 26.77
4 2 0 2-2 0
8 1.38 .23 1-1 .5 16.83
20 13.75 .64 13-15 4 .6 4
20 8 0 8-8 0
20 5.1 .31 5-6 6 .04
20 5.05 . 2 2 5-6 4 .43
20 1 0 1-1 0
20 8.1 .97 6 - 1 0 11.95
20 1 0 1-1 0
20 9 .35 .81 8-11 8 .69
13 3 .23 .44 3-4 13.57
20 2 0 2-2 0
20 1.80 .22 1 . 4 5 -2 . 3 12.35
20 .35 .06 .1 7 - . 4 6 1 8 . 6
* All linear measurements are in jam.
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TABLE 9. Measurements of Gonostomum affine
Length
Bucca l  C a v i ty  Length  
Width
Number o f  M acronuc le i  
Length  o f  M acronucleus  
Number o f  M ic ro n u c l e i  
Diamete r  o f  M ic ro n u c le u s  
Number o f  Adoral  Membranelles  
Number o f  F r o n t a l  C i r r i  
Number o f  P os t  Bucca l  C i r r i  
Number o f  T r a n s v e r s e  C i r r i  
Number o f  R igh t  M arg in a l  Rows 
Number o f  R igh t  M a rg in a l  C i r r i  
Number o f  L e f t  M arg in a l  Rows 
Number o f  L e f t  M arg in a l  C i r r i  
Number o f  D o rsa l  K i n e t i e s  
Number o f  Caudal  C i r r i  
Length /W idth
Bucca l  C a v i ty  L e n g th /L e n g th
n X S.D. Range C.V.
13 51.2 7.70 35-61 15.05
13 25.5 3 .72 14 .5-29 14.62
13 16.4 1.97 13.5-21 12.02
13 2 0 2-2 0
26 12.29 1.29 10-15 10.50
4 2 0 2-2 0
8 3 .9 .95 3-5 24.63
12 24.7 2 .10 22-30 8.53
9 11 0 11-11 0
10 2 0 2-2 0
10 2 0 2-2 0
12 1 0 1-1 0
9 15.1 1.27 14-17 8.40
12 1 0 1-1 0
9 11.7 1.22 10.50
6 3 .6 .52 3-4 14.08
3 3 0 3-3 0
13 3 .2 .59 2 . 1 - 4 . 3 18.67
13 .50 .07 . 4 1 - . 6 6 13.74
* All linear measurements are in um.
TABLE 10. Measurements of Pleurotricha lanoeolata
n X S.D. Range C.V.
Length 11 126 1 0 .5 7 1 1 2 . 2 - 1 4 3 8 . 3 9
Buocal Cav i ty  Length 11 5 2 . 2 3 . 4 3 5 0 . 6 - 6 6 . 5 7
Width 11 6 ^ . 5 5 .5 1 5 1 . 7 - 7 0 . 4 8 . 5 4
Humber o f  Macronucle i 11 2 0 2 - 2 0
Length o f  Macronucleus 2 3 . 2 4 . 4 3 1 5 . 4 - 3 3 1 9 . 0 8
Humber o f  M ic ronuc le i 11 2 0 2 - 2 0
Diameter  o f  Micronuc leus 11 3 . 3 0 3 . 3 - 3 . 3 0
Humber o f  Adoral  Membranelles 11 117 3 . 2 9 4 0 - 5 2 7 . 0
Humber of  F r o n t a l  C i r r i 11 8 0 8 - 8 0
Humber o f  Pos t  Buccal  C i r r i 11 5 .1 . 3 0 5 - 6 5 . 9 2
Humber o f  T ran sv e r se  C i r r i 11 5 0 5 - 5 0
Humber o f  Right  Marginal  Rows 11 2 0 2 - 2 0
Humber of  Right  Marginal  C i r r i ( o u t e r row) 11 3 4 . 5 1 .21 3 3 - 3 6 3 . 5 2
Humber o f  R ight  Marginal  C i r r i ( i n n e r row) 10 1 8 . 8 2 . 7 0 15-24 1 4 . 3 6
Humber o f  L e f t  Marg inal  Rows 11 1 0 1-1 0
Humber o f  L e f t  Marginal  C i r r i 11 24 3 . 5 2 18-2 8 1 4 .6 7
Humber o f  Dorsa l  K i n e t i e s 6 0 6-6 0
Number o f  Caudal C i r r i 10 3 0 3 - 3 0
Length/Width 11 2 . 0 .19 1 . 7 - 2 . 3 9 . 4 2
Buccal Cav i ty  Length /Length 11 .4 5 .0 2 . 4 1 - . 4 8 5 . 0 5
* All linear measurements are in jjm.
TABLE 11. Measurements of Paraurostvla sp. (Mexico City population)
n X S.D. Range C.V.
Length 111 134.0 8.50 118 .8-148 .5 6.35
Buccal  Cav i ty  Length 14 58.5 5.55 4 8 .4 -6 4 .9 9.47
Width 111 64.2 8.33 5 2 .8 -8 2 .5 12.98
Number of Macronuclei 111 6 0 6-6 0
Length o f  Macronucleus 84 10.23 2.24 5 . 5 -1 5 . 4 21.9
Number o f M ic ronuc le i 14 3.14 .95 2-4 30.20
Diameter  o f  Micronucleus 38 3.18 .23 2 . 7 - 3 . 3 7.14
Number o f Adoral Membranelles 14 42 4.56 36-49 10.85
Number of F r o n t a l  C i r r i 14 8 .9 1.21 7-11 13.51
Number o f Post  Buccal C i r r i 14 2 .8 .58 2-4 20.78
Number of T ransve rse  C i r r i 14 4 .3 .47 4-5 10.94
Number o f L o n g i tu d in a l  Rows 14 2 0 2-2 0
Number of C i r r i  i n  L e f t  L o n g i tu d in a l  Rows 14 22 1.71 19-25 7.77
Number o f C i r r i  i n  R ight  L o n g i tu d in a l  Rows 14 18 1.75 16-23 9.75
Number of Right  Marginal  Rows 14 1 0 1-1 0
Number of Right  Marginal  C i r r i 14 32.1 1.90 29-36 5.92
Number of L e f t  Marginal  Rows 14 1 0 1-1 0
Number o f L e f t  Marg inal  C i r r i 13 28.9 2 .36 25-33 8.16
Number of Dorsa l  K i n e t i e s 11 6 0 6-6 0
Number o f Caudal C i r r i 14 2 .9 .27 2-3 9.1
* All linear measurements are in pm.
TABLE 12. Measurements of Pavraurostvla sp. (Appledore Island population)
n X S.D. Range C.V.
Length 111 134.59 10.95 121-156.2 8.13
Buccal Cav i ty  Length 14 56.1 5 .28 4 7 .3 -6 4 .9 9.42
Width 1H 69.3 4.63 65-75 .9 6 .68
Number of Macronucle i 13 6 0 6-6 0
Length of Macronucleus 77 9 .2 1.64 7 . 7 - 1 3 . 2 17.74
Number of M ic ronuc le i 8 4 0 4-4 0
Diameter  o f  Micronuc leus 32 2 .9 .53 2 . 2 - 3 . 3 18.17
Number of Adoral Membranelles 12 39.4 2.54 36-44 6.44
Number of F r o n t a l  C i r r i 12 8.75 .45 8-9 11.42
Number of Post  Buccal C i r r i 14 2.6 .50 2-3 18.81
Number of T ran sv e r se  C i r r i 14 4 .2 .43 4-5 10.10
Number o f L o n g i tu d in a l  Rows 14 2 0 2-2 0
Number of C i r r i  in  L e f t  L o n g i tu d in a l  Rows 13 18.5 2.18 15-21 11.83
Number of C i r r i  i n  Right  L o n g i tu d in a l  Rows 13 22.8 1.95 20-25 8.54
Number of Right  Marginal  Rows 14 1 0 1-1 0
Number of Right  Marg inal  C i r r i 13 31.9 2.75 27-35 8.62
Number of L e f t  Marginal  Rows 14 1 0 1-1 0
Number of L e f t  Marg inal  C i r r i 13 30.2 2.89 24-36 9.56
Number of Dorsa l  K i n e t i e s 6 6 0 6-6 0
Number of Caudal C i r r i 12 3 0 3-3 0
* All linear measurements are in pm.
Table 13. Cyst-Trophozoite Morphology Interrelationships
Organism
Average 
Cyst Wall  








Trophozo i te  
Volume (TVol) t/ r CVol/<n
O xv t r lcha  f a l l a x -  3 /am 24.5 pm 6.16  x 101* pm3 5.38 X 10^ 3pm 0.12 1.14
P a r u r o s t v l a  s d . -  3 pm 25.5  pm 6 .95 x 104 pm3 1.58 X 105 3pm 0.12 0.44
O xvtr lcha  a u a d r i n u c l e a t a -  3 pm 23.1 pm 5.16 x 101* 3pnr 7.36 X 101* pm3 0.13 0.70
P l e u r o t r i c h a  l a n c e o l a t a -  0 .7  pm 28.5 pm 9.70  x 10*1 3pm 1.38 X 1 0 5 3pm 0.02 0.70
S tv lo n v c h ia  p u s t u l a t a -  0 .35 pm 17.5 pm 2.24  x 1 o14 3pm 1.18 X 105 3pm 0.02 0 .19
Gonostoraum a f f i n e
o u t e r  w a l l -  0 .3  pm 16.4 pm 1.85 x 10^ 3par 7.21 X 1 0 3 3pm 0.02 2.57
m idd le  w a l l ~ 0.7 pm 11.6 pm 6.5 x 103 3pm 7.21 X 1 0 3 3pnr 0.06 0.90
i n n e r  wal l -  0 .4  pm 5.6  pm 7.36 x 103 3pnr 7.21 X 103 3pnr 0.07 0 .10
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Table 1^. Implications of level of organizational complexity
LEVEL OF ORGANIZATIONAL COMPLEXITY
Low Medium High
K in e t id  U l t r a s t r u c t u r e  C i r r u s  U l t r a s t r u c t u r e  Oral M a c ro s t ru c tu r e
S t r u c t u r a l  Membranelle U l t r a s t r u c t u r e
Membrane P a r t i c l e  P a t t e r n s  P r e o r a l  "membrane" U l t r a s t r u c t u r e  Global  C i l i a r y  P a t t e r n
Examples --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kinetosome R e p l i c a t i o n  P a t t e r n s  o f  Developmenta l  P a t t e r n s  of  C i r r a l
Developmental  S t r e a k  Development M ig ra t io n
P olym er iz ing  Development O l igom er iz ing  Development
I n d i c a t i o n s  f o r  Ancien t  Moderate Recent
A n c e s t r a l  Divergence
A pprop r ia te  Leve ls  For C la sa  ^ 0 rd e r
S ys tem a t ic  A p p l i c a t io n
Order----------> Genus Genus > S pec ie s
Table 15. Comparative Hypotrich Cyst Structures
non-kinetosome 
r e s o r b i n g  s p e c i e s
Dio p h rv s  scutum 
Euplo t e s  musc ico la  
E. t a y l o r i
kinetosome 
r e s o r b i n g  s p e c i e s
Source /R
Walker and Maugel (1980) 0 .0 3 -0 . 0 5
F au re -F rem ie t  e t  n l .  (19511) 0 .05
G arn jobs t  (1928)
CVol /TVol #






S c u l p t u r i n g
grooved
G a s t r o s t v l a  s t e i n i i Walker e t  a l . (1980) 0 .0 9 -0 . 1 3 0 .0 7 -0 .1 5 4 -
P a r a u r o s t y l a  sp . p r e s e n t  s tudy 0 .12 0.44 4 s c a l l o p e d
H i s t r i c u l u s a  sp . MatsuSaka (1979) - 0.96 - -
O xvt r lcha  f a l l a x Grimes (1973) 0.26 0.11 4 -
Q. f a l l a x p r e s e n t  s tudy 0.12 1.14 4 s c a l l o p e d
0. b i f a r i a R ic c i  e t  aj.. (1982) and 
Ricc i  and B a n c h e t t i  (1982)
0 .24 0.14 5 70-90 7 .5  pm 
p r o t r u s i o n s
0. muscorum F o i s s n e r  (1982) 0 .17 0.36 — smooth
0.  q u a d r i n u c l e a t a p r e s e n t  s tudy 0.13 0 .70 4 ~ 140 3 .5 -7  pm 
p r o t r u s i o n s
S tv lo n c h i a  m v t i lu s I low a isky  (19?6) 0.24 - - s c a l l o p e d
S. p u s t u l a t a p r e s e n t  s tudy 0 .02 0 .19 5 -  180 4 . 4 - 7 . 4  pm 
p r o t r u s i o n s
P l e u r o t r i c h a p r e s e n t  s tudy 0 .02 0.70 4 -  160 4 . 1 - 9 . 9  pm
l a n c e o l a t a p r o t r u s i o n s
Onvchodromus G u t i e r r e z  e t  a l .  ( IQ83) 0 .09 0 .0 9 -0 . 3 0 4 numerous -  4 .4  pm
acuminatus p r o t r u s i o n s
donostomum a f f i n e p r e s e n t  s tudy
o u t e r  w a l l 0 .02 2.57 1 see  R e s u l t s
middle  w a l l 0 .06 0.90 3 s e c t i o n









F ig u r e  1. R e p r e s e n t a t i v e s  o f  m o r p h o l o g i c a l  Group A o f  the  O x y t r i c h i n a :  
(a) O x v t r i c h a . (b) S t v l o n v c h i a , (c) Tachvsoma,
(d)  G o n o s to m u m . A d o r a l  Zone M e m b r a n e l l e s ,  AZM; P a r o r a l  
Membrane, PM; E n d o ra l  Membrane, EM; F r o n t a l  C i r r i ,  FC; Pos t  
Bucca l  C i r r i .  PBC; R igh t  M a rg in a l  C i r r a l  Row, RMR; L e f t  
M a rg in a l  C i r r a l  Row, LMR; T r a n s v e r s e  C i r r i ,  TC; Caudal  
C i r r i ,  CC.
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F i g u r e  2.
R e p r e se n ta tiv e s  o f  m orp h olog ica l Groups B and 
O x y t r i c h i n a : ( a ) P l e u r o t r i c h a > ( b ) P a r a u r o s t y
(c) Amphisiella
107
F ig u re  3. D iag ram m at ic  r e p r e s e n t a t i o n  o f  P a r a u r o s t v l a  hvmenophora
d e m o n s t r a t i n g  c i l i a t u r e  t y p i c a l  o f  members o f  t h e  s u b o r d e r  
O x y t r i c h i n a ;  (a) v e n t r a l ,  (b) d o r s a l .  Adoral Zone 
M embrane lles ,  AZM; P a r o r a l  Membrane, PM; F r o n t a l  C i r r i ,  FC; 
Pos t  Bucca l  C i r r i ,  PBC; R igh t  M arg ina l  C i r r a l  Row, RMR; L e f t  
M arg ina l  C i r r a l  Row, LMR; T ra n s v e r s e  C i r r i ,  TC; Caudal 




F ig u re  O x y t r i c h a  f a l l a x  -  v e n t r a l  (a )  and d o r s a l  (b)  a s p e c t s .
109
F ig u re  5.  Morphogenes is  d u r in g  d i v i s i o n  i n  O x v t r i c h a  f a l l a x .
(a -e )  v e n t r a l  view, ( f )  d i a g r a m a t i c  r e p r e s e n t a t i o n  o f  
o r i g i n s  o f  d o r s a l  b r i s t l e s  and c a u d a l  c i r r i .
110
F i g u r e  6 .  O xy t r icha  q u a d r i n u c l e a t a  -  (a)  v e n t r a l  a s p e c t  showing  o r a l  
r e g io n  and p r e y  o rgan ism ,  P o l v t o m e l l a  sp.  (x24311); (b) 
d o r s a l  a s p e c t  showing  d o r s a l  b r i s t l e s  and c a u d a l  c i r r i  
( x 7 0 9 ) .
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F ig u r e  6 ( c o n t i n u e d ) .  0. a u a d r i n u c l e a t a  -  (c) e a r l y  o p i s t h e  o r a l  
p r im ord ium  d e v e l o p in g  a t  a d i s t a n c e  f rom t r a n s v e r s e  c i r r i  
(x2145); (d) l a t e r  s t a g e  showing 5 f r o n t a l  s t r e a k s  t y p i c a l  o f  
O x y t r i c h a  (x715); (e)  h ig h e r  m a g n i f i c a t i o n  o f  6b d e m o n s t r a t i n g  
a p p a r e n t  n o n - p a r t i c i p a t i o n  o f  p o s tb u c c a l  c i r r u s  3 i n  
p r o d u c t i o n  o f  o p i s t h e  f r o n t a l  s t r e a k s  (x1729); ( f )  l a t e  
d i v i d e r ,  b e g in n in g  o f  c y t o k i n e s i s ;  an e n d o r a l  membrane i s  




F ig u r e  7 .  O x y t r i c h a  s i m i l i s  -  (a)  v e n t r a l  a s p e c t  (S2M) showing t y p i c a l  
O x v t r l c h a  a r r a n g e m e n t  o f  o r a l .  F-V-T, and m a rg i n a l  c i l i a t u r e  
(x 1296); (b) d o r s a l  v iew sh o w in g  6 rows o f  d o r s a l  b r i s t l e s  
(x1206); (c) e n l a r g e d  view o f  a  t y p i c a l  0. s i m i l i s  o r a l  
a r e a  showing s h o r t  EM and PM, and r a i s e d  RBO ( a l s o  v i s i b l e  
i n  7a) (x3762); (d) n i g r o s i n  s t a i n e d  s p e c im e n  showing 
development o f  5 f r o n t a l  s t r e a k s  i n  a d d i t i o n  to  PM and EM 
s t r e a k s  (x2200) .
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F ig u re  8 .  S tv l o n v c h i a  p u s t u l a t a  -  (a) n i g r o s i n  s t a i n e d  i n t e r p h a s e  c e l l  
showing t y p i c a l  p l a c e m e n t  o f  v e n t r a l  c i l i a t u r e  (x1768). (b)
SEM m ic ro g rap h  o f  v e n t r a l  s u r f a c e  o f  e a r l y  d i v i d e r  (x1153). 
OP i s  fo rm i n g  i n  p o s t b u c c a l  a r e a .  Note: c e l l  p o s s e s s e s  9
f r o n t a l  c i r r i  r a t h e r  t h a n  th e  u s u a l  8. (c) Composite
p h o to m ic ro g ra p h  o f  n i g r o s i n  s t a i n e d  c e l l  i n  e a r l y - m i d  
d i v i s i o n  (x1M07). EM.PM, and 5 F-V-T s t r e a k s  a re  v i s i b l e .  
Buccal  c i r r u s  i s  b e i n g  produced  a t  a n t e r i o r  end o f  PM 
s t r e a k ,  (d) SEM m i c r o g r a p h  o f  r e o r g a n i z i n g  c e l l  (x997). 
Note p a r t i a l  r e d i f f e r e n t i a t i o n  o f  AZM.
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F ig u r e  9.  T. s a l t a n s  -  (a )  v e n t r a l  a s p e c t ;  (b)  d o r s a l  a s p e c t .
i
F ig u re  10. P h o to m ic ro g ra p h s  o f  p r o t a r g o l  s t a i n e d  sp e c im e n s  o f  
Tachvsoma sd. -  (a) I n t e r p h a s e  c e l l  showing  t y p i c a l  
a r r a n g e m e n t  o f  v e n t r a l  c i l i a t u r e .  Note a n t e r i o r l y  
d i s p l a c e d  t r a n s v e r s e  c i r r u s  (T1) and th e  4 m a c r o n u c le i  
(x2423) (b) E a r l y  d i v i d e r  showing  OP and d e d i f f e r e n t i a t i o n  
o f  p a r e n t a l  F-V-T c i r r i  t o  p roduce  a s i n g l e  l a t i t u d i n a l  
f i e l d  o f  k in e t o s o m e s  (x2200). (c) E a r l y  d i v i d e r  w i th  F-V-T
f i e l d  becoming o rg a n iz e d  i n t o  d i a g o n a l  s t r e a k s  (x2089).
(d) E a r l y  d i v i d e r  s l i g h t l y  l a t e r  th a n  10c. Note c o n t in u e d  
deve lopm en t  o f  m e m b ran e l le s  i n  o p i s t h e  o r a l  p r im ord ium  
(x 2 1 5 0 ) .
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F ig u re  10 ( con t inued ) .  P r o t a r g o l  s t a i n e d  spec im ens  o f  Tachvsoma s p .
-  (e) Composite  p h o to m ic ro g ra p h  d e m o n s t r a t i n g  s p l i t t i n g  of  
F-V-T s t r e a k s  i n t o  p r o t e r  and o p i s t h e  F-V-T s t r e a k s ,  
s e p a r a t e  p a t t e r n s  o f  l e f t  and r i g h t  m a rg i n a l  c i r r a l  
p ro d u c t io n ,  and p la c e m e n t  and deve lopment  o f  l e f t  d o r s a l  
k i n e ty .  Two c a u d a l  c i r r i  a r e  produced  a t  i t s  p o s t e r i o r  end 
(xl822).  (f)  M i d - d i v i d e r  showing deve lopment  o f  i n d i v i d u a l
c i r r i  (x 2 1 6 4 ) .  (g) L a t e  d i v i d e r  a t  b e g in n in g  of
c y t o k i n e s i s .  F-V-T c i r r i  a r e  m i g r a t i n g  i n  the  t y p i c a l  
wO x v t r i c h a tt p a t t e r n  ( x 2 1 1 4 ) .  (h) R ece n t ly  s e p a r a t e d  member
(o p i s th e )  o f  a d i v i d i n g  c e l l .  P a r e n t a l  c i r r i  have no t  y e t  
been  r e s o r b e d  (x2640).
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F ig u re  11. Gonostomum a f f i n e  -  (a )  v e n t r a l  a s p e c t ;  (b)  d o r s a l  a s p e c t .
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F ig u re  12. Gonostomum a f f i n e  -  (a) SEM m ic ro g rap h  o f  v e n t r a l  s u r f a c e  
o f  i n t e r p h a s e  c e l l  ( x 1 6 8 1 ) .  (b )  P h o to m ic ro g ra p h  o f
p r o t a r g o l  s t a i n e d  i n t e r p h a s e  c e l l  (x1486).  Note a t y p i c a l  
PM (arrow ) and a r ran g em en t  o f  f r o n t a l  c i r r i ,  (c) SEM 
m ic ro g rap h  o f  d o r s a l  s u r f a c e  o f  i n t e r p h a s e  c e l l  (x1469). 
R e l i c t s  o f  p a r e n t a l  c i l i a r y  rows a r e  e v i d e n t  (a r ro w ),  (d) 
SEM m ic ro g ra p h  o f  p a r o r a l  membrane (x16017).  Note t h a t  
c i l i a  a r e  w e l l  s e p a r a t e d  from one a n o th e r .
125
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F ig u re  12 ( c o n t in u e d ) .  Gonoatomum a f f i n e  deve lopm en t -  (e) Photo­
m ic ro g ra p h s  o f  n i g r o a i n  s t a i n e d  e a r l y  r e o r g a n i z e r  (x1733). 
F iv e  f r o n t a l  s t r e a k s  a re  a p p a re n t ,  ( f )  P h o to m ic ro g rap h  o f  
n i g r o s i n  s t a i n e d  l a t e  r e o r g a n i z e r  (x l467 ) .  C i r r a l  m i g r a t i o n  
a t  t h i s  s t a g e  c l o s e l y  r e s e m b le s  t h a t  seen  i n  O xv tr icha .
127
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Figure 13. Gonostomum a f f in e  development. Diagrammatic
rep resen tation s  based upon reorganizing c e l l s ,  ear ly  





Figure 14. P leurotricha la n c e o la ta  -  (a) ventra l aspect; (b) dorsal 
aspect.
i
F ig u re  15. P l e u r o t r i c h a  l a n c e o l a t a  -  (a) SEM m ic ro g rap h  o f  i n t e r p h a s e  
c e l l ,  v e n t r a l  view (x732). (b) SEM m ic ro g rap h  o f  
in t e r p h a s e  c e l l ,  d o r s a l  v iew  (x912). (c) D evelopm ent o f
r i g h t  m a rg in a l  c i r r a l  rows. Two k in e to s o m a l  s t r e a k s  a re  
p roduced w i t h i n  th e  o u t e r  row. Note a l s o  e a r l y  deve lopm en t 
o f  d o r s a l  k i n e t i e s  5 and 6 (a r ro w ) ( n i g r o s i n  s t a i n e d  
specim en) (x4550). (d) P h o to m ic ro g rap h  o f  d i v i d e r  show ing
f r o n t a l  s t r e a k  p ro d u c t io n  (x553).
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Figure 16. Diagrammatic representation  of ventra l morphogenesis in  
P leu rotr icha  la n c e o la ta .
Figure 17. Paraurostyla sp . -  (a) ventral aspect; (b) dorsal aspect.
F ig u re  18. P a r a u r o s t v l a  s o . -  (a) SEM m ic rog raph  show ing v e n t r a l
s u r f a c e  o f  i n t e r p h a s e  c e l l  (x526). R e l i c t  c i r r i  ( r )  a r e  
a p p a re n t  i n  th e  r i g h t  p o s t e r i o r  a re a .  S m a l le r  c i l i a t e s  a r e  
the  food o rg an ism . Tetrahvm ena p v r i f o r m i s .  (b) SEM 
m ic ro g rap h  show ing  v e n t r a l  s u r f a c e  o f  i n t e r p h a s e  c e l l  
(x623). T h is  c e l l  i s  u n u su a l  i n  hav ing  no p o s tb u c c a l  c i r r i  
and on ly  2 t r a n s v e r s e  c i r r i ,  (c) SEM m ic ro g rap h  o f  o r a l  
r e g io n  (x1783). Note th e  e lo n g a te  m e m b ra n e l la r  c i l i a  (me), 
(d) SEM m ic ro g ra p h  o f  d o r s a l  s u r f a c e  o f  i n t e r p h a s e  c e l l  
( x 6 12 ) .

Figure 18 (continued). Paraurostvla sd . - (e) SEM micrograph of
o p i s th e  o r a l  p r im ord ium  (OP) and UM f i e l d  (OM) (x1560).
( f )  SEM m ic ro g rap h  o f  e a r l y  d i v i d e r  (x2434). F r o n ta l  
s t r e a k  p r o l i f e r a t i o n  i s  b e g in n in g .  The l e f t  l o n g i t u d i n a l  
row has  begun to  d e d i f f e r e n t i a t e  and produce  2 s t r e a k s  
(a r ro w s)  i n  a "V"-shaped p a t t e r n .  (g) P h o to m ic ro g rap h  o f  
n i g r o s i n  s t a i n e d  d iv i d e r ,  s l i g h t l y  l a t e r  th a n  seen  i n  I 6 f  
(x1673).  Again, th e  nV"-shaped p r o l i f e r a t i o n  o f  
k in e to so m e s  i s  e v id e n t  as i s  th e  d e v e lo p m e n ta l ly  non- 
p a r t i c i p a t i n g  r i g h t  l o n g i t u d i n a l  row. (h) P h o to m ic ro g rap h  
o f  n i g r o s i n  s t a i n e d  d i v i d e r  (x1633).  C i r r a l  deve lopm en t i n  
l o n g i t u d i n a l  s t r e a k s  i s  a p p a re n t .
137
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F ig u re  18 (c o n t in u e d ) .  P a r a u r o s t v l a  3 D .  -  ( i )  SEM m ic ro g ra p h  o f
f r o n t a l  f i e l d  o f  p r o t e r  show ing  5 f r o n t a l  s t r e a k s  (1-5)* 
and PM and EM s t r e a k s  (x 1 179). ( j )  SEM m ic ro g ra p h  o f
m i d - d i v i s i o n  c e l l  (x569). P o r t i o n s  o f  3 " g e n e r a t io n s "  o f  
r i g h t  l o n g i t u d i n a l  rows a r e  p r e s e n t  ( a r ro w s) (k )  SEM 
m ic ro g ra p h  o f  f r o n t a l  f i e l d  o f  o p i s th e  show ing  deve lopm ent 
s i m i l a r  to  181 (x1354). UM f i e l d  i s  b e g in n in g  to  s e p a r a t e  
i n t o  PM and EM s t r e a k s .  (1) SEM m ic ro g ra p h  o f  d i v i d e r  i n  
c y t o k i n e s i s  ( x 6 l7 ) .  Again, p o r t i o n s  o f  3 " g e n e r a t io n s "  o f  
r i g h t  l o n g i t u d i n a l  row s a r e  p r e s e n t  ( a r ro w s ) .
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F ig u re  19.  SEM m ic ro g ra p h s  o f  h y p o t r i c h  c y s t s  -  (a) O x v tr ic h a  f a l l a x  
(x1198)f (b) 0. a u a d r i n u c l e a t a  (x1409)» (c) P a ra u ro s tY la  
3 D .  (x1195). (d) S tv lo n c h ia  p u s t u l a t a  (x1714),  (e) 
Gonostomum a f f i n e  (x2070), ( f )  P l e u r o t r i c h a  l a n c e p l a t a  
(X1183).
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F ig u re  20 . TEM m ic ro g ra p h s  o f  h y p o t r i c h  c y s t  w a l l s  -  (a) O x y tr ic h a  
c u a d r i n u c l e a t a  (x8057)» (b) 0. a u a d r i n u c l e a t a  (x76563)»
(c) P l e u r o t r i c h a  l a n c e o l a t a  (x32927), (d) P a r a u r o s t y l a  if i .  
(x13538). Legend: e c t o c y s t ,  EC; m e so cy s ts .  M; e n d o c y s t ,
En; g r a n u l a r  la y e r*  g; space  i n s i d e  s p in e ,  S; m i to c h o n d r ia ,  
Mi.

mF ig u re  2.1. Cyst w a l l  d ev e lo p m en t i n  S tv lo n c h ia  p u s t u l a t a  -  (a) e a r l y  
developm ent show ing  e c t o c y s t  and c i r r a l  base  (x38889)»
(b) e a r l y  d ev e lo p m en t sh o w in g  e c t o c y s t  and c i r r u s  i n  
c y to p la s m ic  g roove  (x12414);  (c) l a t e r  deve lopm en t show ing 
v a r io u s  c y s t  w a l l  l a y e r  p r e c u r s o r s  (x40161); (d) s t a g e  
s i m i l a r  to  19c show ing  d e t a i l  o f  e c t o c y s t  and d e v e lo p in g  
m esocyst (x66875). Legend: c i r r u s ,  C; a u to p h a g ic
v acu o le ,  a .v .;  m esocyst p r e c u r s o r ,  MP; en d o cy s t  
p r e c u r s o r ,  EnP; g r a n u l a r  l a y e r ,  G.P.
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F ig u re  22. EM m ic ro g ra p h s  o f  Gonostomum a f f i n e  c y s t s  -  (a) SEM
m ic ro g rap h  o f  c y s t  show ing  p a p i l l a r y  ca p s  (a r ro w s)  (x2307); 
(b) TEM c r o s s  s e c t i o n  o f  c y s t  show ing  3 c y s t  w a l l s  and 
dense  p r o t o p l a s t  (x2545); (c) TEM m ic ro g rap h  o f  p a p i l l a  and 
cap (x8143); (d) TEM m ic ro g ra p h  o f  c y s t  w a l l s  and t h e i r  




Diagrammatic rep resen ta tion s  of oral areas of (a) Oxvtricha  
platvstom a (a f te r  Kahl, 1932) and (b) Oxvtricha 
q u a d r in u c lea ta .
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Figure 24. Evolutionary diagram based upon the " trad itiona l"  
co rre la tio n  of p ossess ion  of m u ltip le  lon g itu d in a l  
v en tra l  rows of c i r r i  with r e la t iv e  p r im itiven ess .
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Figure 25. Evolutionary diagram based upon p o s s ib le  r e la t iv e
p r im itiv en ess  of Cladotricha- l i k e  organisms possessin g  
m u ltip le  lo n g itu d in a l  c i r r a l  rows of somatic (rather  
than fr o n ta l  as with K ah lie lla )  o r ig in .
